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Abstract 
A study was conducted to evaluate the nutritive value of treated 
sugarcane bagasse and its use as source of roughage for fattening cattle. 
The first experiment was conducted to study the effect of urea 
treatment on the chemical composition and rumen degradability of sugarcane 
bagasse. Urea at a level of 10% dry matter of bagasse was dissolved in water 
and mixed with bagasse. The mixture was divided into four equal portions 
and was stored in sealed plastic bags for 1, 2, 3 and 4 weeks.  
The chemical composition and Neutral Detergent Fiber (NDF) 
degradation of treated bagasse was increased significantly (P<0.05), and that 
the ensiling period of 3 and 4 weeks showed in significant increase on 
chemical composition and rumen degradation. 
In the second experiment, the bagasse which was ensiled for 3 weeks 
was used in fattening diets at three levels (10%, 20% and 30%). The control 
diet contained 0% treated bagasse. All diets were adjusted to be iso-
nitrogenous and iso-caloric.  
Thirty six Baggara bulls of a live weight that ranged from 165 to 185 
kg were divided into four groups of equal live weight and number. The 
experimental diets were randomly divided among the four bull groups, and 
the feeding was extended for 70 days. During the feeding period, external 
body measurements and feedlot performance were studied. There were no 
significant (P>0.05) difference between treatments in average daily gain, final 
body weight and total body weight gain, but these growth parameters were  
superior in the treated groups than in the control. Feed intake and feed 
conversion ratio were improved significantly (P<0.05) in the diets that 
contained treated sugarcane bagasse in comparison with the control diet. 
 XII
Carcass measurements, carcass yield and characteristics, wholesale cuts 
and sirloin composition, except leg length and empty body weight were not 
affected by treatments. Intestine (empty), gut fill and gastrointestinal tract 
(empty) increased significantly (P<0.05) with increasing level of treated 
bagasse in the diet. 
Physical and subjective meat quality attributes and meat chemical 
composition were not affected by bagasse level in the diets.  
IIIX 
  ﺺﻠﺨﺘﺴﻤاﻟ
اﺳѧﺘﺨﺪام  اﺳѧﺘﺨﺪاﻣﻪ ﻗﺼﺐ اﻟﺴѧﻜﺮ و  ﺒﻘﺎساﻟﻘﻴﻤﺔ اﻟﻐﺬاﺋﻴﺔ ﻟ ﺘﻘﻴﻴﻢاﻟﺪراﺳﺔ ﻟ هﺬﻩ أﺟﺮﻳﺖ
  .ﺗﺴﻤﻴﻦ اﻟﻤﺎﺷﻴﺔ ﻓﻲ ﻤﺎﻟﺌﺔﻟﻠﻤﻮاد اﻟآﻤﺼﺪر 
و اﻟﺘﺮآﻴѧﺐ اﻟﻜﻴﻤﻴѧﺎﺋﻲ  ﻋﻠѧﻰ ﺎﻟﻴﻮرﻳѧﺎ ﺑ ﻤﻌﺎﻣﻠﺔ ﻟﺪراﺳﺔ ﺗﺄﺛﻴﺮ اﻟ اﻷوﻟﻰﺘﺠﺮﺑﺔ اﻟ أﺟﺮﻳﺖ
اﻟﻤѧﺎدة  وزن ﻣѧﻦ  ﻦﻣѧ  %01 ﺖ اﻟﻴﻮرﻳѧﺎ ﺑﻤﻌѧﺪل أﺿѧﻴﻔ . ﻗﺼѧﺐ اﻟﺴѧﻜﺮ  ﻟﺒﻘѧﺎس  ﻲاﻟﻜﺮﺷѧ  ﺤﻠﻞاﻟﺘ
  .أﺳﺎﺑﻴﻊ 4و  3 و 2و 1 ﻣﻐﻠﻘﺔ ﻟﻤﺪةاﻟﻌﻴﻨﺎت ﻓﻲ أآﻴﺎس ﺑﻼﺳﺘﻴﻜﻴﺔ  ﻟﻠﺒﻘﺎس و ﺧﺰﻧﺖ ﺔﻓاﻟﺠﺎ
 (FDN)اﻟﻤﻨﻈﻒ اﻟﻤﺘﻌѧﺎدل ﻟﻸﻟﻴѧﺎف  ﺗﺤﻠﻞ أن اﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻲ و اﻟﻨﺘﺎﺋﺞ أﻇﻬﺮت 
اﻟﻨﺘѧﺎﺋﺞ أﻧѧﺔ  أﻇﻬѧﺮت  ﺑﻴﻨﻤѧﺎ  )50.0<P( ﻗﺪ ﺗﺤﺴﻨﺖ ﺑﺼﻮرة ﻣﻌﻨﻮﻳﺔ  اﻟﻤﻌﺎﻣﻞ ﻠﺒﻘﺎسﻟ  ﺑﺎﻟﻜﺮش
 4و  3  ﻟﻔﺘѧﺮﺗﻴﻦ اﺑѧﻴﻦ  ﺎﻟﻜﺮشﺑѧ  ﺤﻠѧﻞ و اﻟﺘ اﻟﻜﻴﻤﻴѧﺎﺋﻲ  اﻟﺘﺮآﻴѧﺐ  ﻓѧﻲ ﺔ ﻣﻌﻨﻮﻳ ﺎتاﺧﺘﻼﻓﻻ ﺗﻮﺟﺪ 
  .أﺳﺎﺑﻴﻊ
 ﻋﻼﺋѧﻖ  أﺳѧﺎﺑﻴﻊ ﻓѧﻲ  3 ﺑﻘѧﺎس ﻗﺼѧﺐ اﻟﺴѧﻜﺮ اﻟﻤﻌѧﺎﻟﺞ ﻟﻤѧﺪة  ﺳﺘﻌﻤﻞأﻓﻲ اﻟﺘﺠﺮﺑﺔ اﻟﺜﺎﻧﻴﺔ 
 ﻋﻠѧﻰ   اﻟﻘﻴﺎﺳѧﻴﺔ  ﻌﻠﻴﻘѧﺔ اﻟ أﺣﺘѧﻮت  و.(01% ,02% ,03%)ﺜﻼﺛﺔ ﻣﺴѧﺘﻮﻳﺎت  ﺑ اﻟﻤﺎﺷﻴﺔ ﺗﺴﻤﻴﻦ
  .اﻟﺒﺮوﺗﻴﻦ و اﻟﻄﺎﻗﺔ ﺗﺮآﻴﺰﻣﺘﺴﺎوﻳﺔ ﻓﻰ ﻟﺘﻜﻮن  ﻌﻼﺋﻖﻤﻴﻊ اﻟﺟ ﺗﻌﺪﻳﻞ ﺗﻢ. ﻣﻌﺎﻣﻞ ﺑﻘﺎس %0
  561 ﺑѧﻴﻦ  ﻣѧﺎ  أوزاﻧﻬѧﺎ  ﺘѧﺮاوح ﺗﺛﻴѧﺮان اﻟﺒﻘѧﺎرة  ﻣѧﻦ  رأﺳѧﺎ ً ﺳѧﺖ و ﺛﻼﺛѧﻮن ﺗѧﻢ  ﺗﻘﺴѧﻴﻢ 
أﺧﻀѧﻌﺖ . و اﻟﻌѧﺪد ﺑﺎﻟﺘﻘﺮﻳѧﺐ اﻟѧﻮزن ﻣﺘﺴѧﺎوﻳﺔ ﻓѧﻲ  إﻟѧﻰ أرﺑѧﻊ ﻣﺠﻤﻮﻋѧﺎتآﺠѧﻢ   581إﻟѧﻰ
. ﻟﻜѧﻞ ﻣﺠﻤﻮﻋѧﺔ  ﻋﻼﺋѧﻖ ﺑѧﻊ راﻷﻳﻮﻣﺎ ﺑﺎﺳﺘﺨﺪام واﺣѧﺪة ﻣѧﻦ  07 ﻟﻔﺘﺮة ﺗﺴﻤﻴﻦ ﻣﻘﺪارهﺎ اﻟﺜﻴﺮان
أﻇﻬѧﺮت اﻟﻨﺘѧﺎﺋﺞ أﻧѧﻪ ﻻ . دراﺳѧﺔ أداء اﻟﺜﻴѧﺮان اﻟﺨﺎرﺟﻴѧﺔ و  هﺬﻩ اﻟﻔﺘﺮة اﻟﻘﻴﺎﺳѧﺎت  ﺧﻼلأﺧﺬت 
، ووزن اﻟﺠﺴѧѧﻢ اﻟﻴѧѧﻮﻣﻲ  زﻳѧѧﺎدة اﻟѧѧﻮزن  ﻓѧѧﻲ ﻣﻌѧѧﺪل ﺑѧѧﻴﻦ اﻟﻤﻌѧѧﺎﻣﻼت ﺎت ﻣﻌﻨﻮﻳѧѧﺔﻗѧѧوﻓﺮﺗﻮﺟѧѧﺪ 
  ﻓѧѧﻲ ﻣﺠﻤﻮﻋѧѧﺔ اﻟﺸѧѧﺎهﺪ  أﻗѧѧﻞﻧﻔѧѧﺲ اﻟﻘѧѧﺮاءات آﺎﻧѧѧﺖ  ، وﻟﻜѧѧﻦاﻟﻤﻜﺘﺴѧѧﺐ وزن اﻟﺠﺴѧѧﻢ اﻟﻨﻬѧѧﺎﺋﻲ و
و آﺎن هﻨѧﺎك ﺗﺤﺴѧﻦ ﻣﻌﻨѧﻮي ﻓѧﻲ ﻣﻌѧﺪل . اﻟﻤﻌﺎﻟﺞ ﺒﻘﺎساﻟﺔ ﻣﻊ اﻟﻤﺠﻤﻮﻋﺎت اﻟﺘﻰ ﻏﺬﻳﺖ ﻣﻘﺎرﻧ
ﻣѧﻊ ﻋﻠﻴﻘѧﺔ ﻤﻘﺎرﻧѧﺔ ﺒﻘѧﺎس اﻟﻤﻌﺎﻣѧﻞ ﺑﺎﻟ اﻟإﺳﺘﻬﻼك اﻟﻐﺬاء و ﻣﻌﺪل اﻟﺘﺤﻮل اﻟﻐﺬاﺋﻲ ﻋﻨﺪ اﺳﺘﺨﺪام 
  . اﻟﺸﺎهﺪ
VIX 
(. ﺳѧѧﺘﺔ ﻣѧѧﻦ آѧѧﻞ ﻣﺠﻤﻮﻋѧѧﺔ ) ﻋﺠѧѧًﻼﺗѧѧﻢ ذﺑѧѧﺢ أرﺑﻌѧѧﺔ و ﻋﺸѧѧﺮون  ﻓﺘѧѧﺮة اﻟﺘﺴѧѧﻤﻴﻦﻨﻬﺎﻳѧѧﺔ ﺑ
وﺧﺼѧﺎﺋﺺ  ﻧﺘﺎﺟﻴѧﺔ ﻓѧﻲ ﻗﻴﺎﺳѧﺎت اﻟﺬﺑﻴﺤѧﺔ واﻷ ﻣﻌﻨѧﻮي ﺗѧﺄﺛﻴﺮأوﺿѧﺤﺖ اﻟﻨﺘѧﺎﺋﺞ أﻧѧﻪ ﻻ ﻳﻮﺟѧﺪ 
وزن ﺑﺎﺳѧﺘﺜﻨﺎء ﻃѧﻮل اﻟﺴѧﺎق و  و ﻧﺴﺐ ﻣﻜﻮﻧﺎت ﻗﻄﻌﺔ اﻟﺨﺎﺻﺮة واﻟﻘﻄﻌﻴﺎت اﻟﻤﺨﺘﻠﻔﺔاﻟﺬﺑﻴﺤﺔ 
 اﻷﻣﻌѧѧѧﺎء ﻓﺎرﻏѧѧѧﺔ  وزن زاد.ﺑﺎﻟﻤﻌﺎﻣﻠѧѧѧﺔ( 50.0<P) ﻣﻌﻨﻮﻳѧѧѧًﺎ اﻟﺘѧѧѧﻰ ﺗѧѧѧﺄﺛﺮت  و ﺪ اﻟﻔѧѧѧﺎرغاﻟﺠﺴѧѧѧ
ﻣѧﻊ ﺗﺰاﻳѧﺪ   (50.0<P) ﻨﻮﻳﺔﺑﺼﻮرة ﻣﻌﻓﺎرﻏﺔ  ﻣﺤﺘﻮﻳﺎت اﻟﻘﻨﺎة اﻟﻬﻀﻤﻴﺔ و اﻟﻘﻨﺎة اﻟﻬﻀﻤﻴﺔو
  .ﺒﻘﺎس اﻟﻤﻌﺎﻣﻞ ﻓﻲ اﻟﻌﻠﻴﻘﺔاﻟﻣﺴﺘﻮى 
ﻣѧﻦ  اﻟﻤﻨѧﺘﺞ  ﻢﻠﺤѧ و اﺧﺘﺒѧﺎرات اﻟﺘѧﺬوق ﻟ  ﺠѧﻮدة واﻟﺘﺮآﻴѧﺐ اﻟﻜﻴﻤﻴѧﺎﺋﻲ اﻟﻟﻢ ﺗﺘﺄﺛﺮ ﺻﻔﺎت 
  .ﻖﺋاﻟﻌﻼﻓﻲ  اﻟﻤﻌﺎﻣﻞ ﺒﻘﺎساﻟﻤﺴﺘﻮى ﺑ اﻟﻤﺠﻤﻮﻋﺎت اﻷرﺑﻊ
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Chapter one 
Introduction 
According to the Ministry of Animal Resource and Fisheries the 
livestock population of Sudan, amount to 140.606 million head of which the 
sheep represent 51.67, goat 43.104, camel 4.406 and cattle 41.426 million 
heads (MOARF, 2008). These flocks are owned mainly by nomadic groups 
who depend on poor range land for their feeding. The annual DM requirement 
of these flocks is estimated as 214 million tons; while the annual DM 
production in the country is about 105 million tons (Abuswar and Darrag, 
2002). 
Feeding animals in Sudan especially in urban areas depends totally 
upon agro-industrial by-products such as sugarcane bagasse, wheat straw, 
sorghum straw, groundnut hulls and cotton by-products. These by-products 
are also used in drought season for feeding ruminants in rural areas when 
forage is in short. Low quality forages are less than 55% digestible and are 
deficient in true protein (less than 80g crude protein/kg) and low in soluble 
sugar and starches (less than 100g/kg) (Leng, 1990). They are also 
characterized by low content of protein, minerals and vitamins as well as high 
content of indigestible fiber due to lignifications of cellulose. Consequently 
these forage are less palatable and of low intake by animals (Suksombat, 
2004). Ruminant have the ability to digest these materials by microorganism 
in their rumen (Boucque and Fiems, 1988). 
Sugarcane bagasse is one of a highly fibrous residue remaining after 
extraction of juice from cane stem which can be used as a source of 
roughages in Sudan. Sugarcane bagasse annual production in Sudan is more 
than three million tons. Small proportions of these quantities are burnt during 
the production cycle of sugar and the rest creates problems of its disposal. 
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Utilization of Sugarcane bagasse is limited due to their bulkiness that 
hinders their transport to areas of consumption and their poor digestibility due 
their high content of fiber which contain more than 60% of its dry matter in 
the form of cellulose and hemicellulose. Kewalramani et al. (1988) and Ramli 
et al (2005) found that sugarcane bagasse contained around 50% cellulose, 
27.9% hemicellulose, 9.8% lignin and 11.3% cell content that included 1.3% 
CP. Use of sugarcane bagasse in ruminant diets for fattening cattle resulted in 
a reduction of live weight gain from 970 to 810g /day as the proportion of 
sugarcane bagasse reached 30% of the diet ingredients. The reduction in gain 
was accompanied by reduction in DM digestibility from (76.2 to 66.8) The 
digestibility of the fiber content was also reduced from 47.2 to 20.2% due to 
the high lignin content of sugarcane bagasse ( Elkhidir, 2004). 
It is clear that, with respect to animal feeding, the major biological 
constraints to use of sugarcane bagasse are the vast amount of lignocellulosic 
material which has a very low digestibility. A potential for the use of 
sugarcane bagasse as a ruminant feed may be realized through the 
development of physical, chemical and biological treatments to disrupt the 
lingo-cellulose complex. Alkali, acid and oxidative reagent treatments are 
kinds of chemical treatments for roughages. Ammoniation of low quality 
roughages with urea or ammonia solution improved digestibility and nutritive 
value (Nguyen et al., 2002).   
The aim of this work is to: 
• Improve the digestibility of sugarcane bagasse using chemical 
pretreatment method with urea and sodium bicarbonate. 
• Utilize improved bagasse in diets for ruminant feeding as source of 
roughages. 
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• Reduce the cost of ruminants feeding, as ruminant feeding represent 50 
to 60% of the production operation. 
• Evaluate carcass characteristics, composition and meat quality of 
finished animals. 
• Evaluation cost benefit of the diets used. 
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Chapter Two 
Literature review 
Agricultural by-products 
Crop residues and other agricultural by-products categorized as wastes 
have been used as a major components in ruminants feeding since ancient 
times, because ruminants had ability to digest these materials by 
microorganism in their rumen (Boucque and Fiems, 1988). Leng (1990) and 
Nair et al. (2002) indicated that the majority of tropical and sub-tropical 
countries used agricultural by-products for feeding livestock or graze pasture 
of low quality in range land.  
In Sudan a variety of cash crops are grown. Some of their products and 
processing by-products include cereal straw (sorghum, wheat and millet), 
sugar-cane by-products (bagasse, sugar-cane tops and molasses), groundnut 
and cotton by-products. These by-products are not fully utilized in animal 
feeding. However some of these are now being incorporated in ruminants 
feed. The increasing use of these by-products is due to several factors as: 
competition between human and animal for cereal grains, increasing price of 
cereal grains, seasonal changes in availability of forages and good quality 
feed, increasing demand of animal protein of high quality and low price due 
to increasing population and their low income, increasing pressure on 
agricultural land use and serious economic and environmental problems 
caused by improper disposal of these resources (Jayasuriya, 1983; Saewar et 
al., 2006). 
Crop residues and most of agricultural by-products like cereal straw 
and sugar-cane bagasse are fibrous and high in content of lingo-cellulose. 
Roughly three-quarters of straw is cellulose plus hemicellulose (De La Cruz, 
1990). Preston and Leng (1987) mentioned that agricultural by-products and 
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crop residues have special physical and chemical characteristics which make 
them difficult to incorporate in conventional balanced rations. Thus cereal 
straw and sugar-cane bagasse are classified as low quality feedstuff. Leng 
(1990) defined low quality forage as those forage which are (less than 80g 
crude protein/ kg) and low in soluble sugars and starches (less than 100g/kg). 
Characteristics and Digestibility of Agricultural By-products 
 A large portion of agricultural by-products could be used for ruminants 
feed. Many of them had substantial potential value as animal feedstuff. These 
by-products such as bagasse and straws are abundant and renewable and are 
used to supplement part of the deficiency of feed and fodder for ruminant 
feeding. Ruminants have unique capacity to utilized cellulose, because of 
their specialized rumen microbes (Boucque and Fiems, 1988). Utilization of 
energy content of low quality by-products is limited by the microbial 
population in the rumen. The limitation in availability of energy to the 
ruminant animals from ligno-cellulose agricultural by-products is due to 
physical and chemical association between structural carbohydrate and lignin 
and the crystalline arrangement of the cellulose polymer in plant cell wall 
(Morris and Bacon, 1977; Hartley and Jones, 1978; and Scalbert et al., 1985). 
The main components of these fibrous by-products are cellulose, 
hemicellulose and lignin. Ligno-cellulosic biomass contains 56-72% 
fermentable carbohydrates (cellulose and hemicellulose) by dry weight. These 
fibrous by-products are characterized by low digestibility due to increased 
lignification of cellulose. The lower digestibility limits the intake because of 
gut fill effect and, thus reduces the feed utilization by ruminants and 
performance of animals (Naik et al., 2004). The lignification degree and the 
presence of crystalline cellulose represent a steric barrier that prevents the 
enzyme attack of ruminal microorganism on cellulose and hemicellulose 
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(Chesson and Ørskov, 1984; Suksombat, 2004). Pearce (1982), Dias-da-silva 
(1988) and Nair et al., (2002) mentioned that roughages are low in essential 
nutrients like crude protein, minerals and vitamins and have poor palatability 
and digestibility, because these by-products and straw are usually composed 
of less than 25% of the total dry matter in form of cell content and the rest 
being cell wall constituents. The cell content is highly digestible, while the 
structural carbohydrate like cellulose and lignin is poorly digestible. The cell 
wall is composed of cellulose, hemicellulose, lignin and minerals. Potentially 
the cellulose and hemicellulose are digestible by ruminant microorganisms 
but their accessibility is reduced by lignin and insoluble minerals (Pearce, 
1982). 
 Cellulose is the world’s most widely available renewable resources. 
Cellulose is the most abundant cell wall component in plants, amounting to 
about fifty per cent of the cell wall material of woody and herbaceous plants. 
Due to this abundance and renewability, there has been a great deal of interest 
in utilizing cellulose as energy resource and feed for livestock (Fan et al., 
1982). McDonald et al. (2002) explained that cellulose is a glucan and is the 
most abundant organic plant cell wall. The cell wall material contains other 
ingredients, and recent evidence suggests that there may be a chemical 
linkage between cellulose and hemicellulose as well as between cellulose and 
lignin. The authors mentioned that pure cellulose is a polymer of glucose. 
Unlike starch, the glucose monomers of cellulose are linked together through 
β-1-4 glycosidic bonds resulting in tightly packed and highly crystalline 
structures. The polymers may have more than 1500 residues in the chain and 
hydrogen bonding is extensive both within and between chains. The result is a 
compact, tightly bonded fibrous structure possessing great strength. 
Digestibility of cellulose is influenced by two factors (Pearce, 1982). These 
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two factors are: Crystalline of cellulose, some types of cellulose occur in 
closely packed, well ordered from that they are resistant to enzymatic 
penetration. The proportion of total cellulose that occur in this form affects 
extend of digestion. The other factor is polymerization of cellulose, the chain 
of length of cellulose molecules varies considerably depending upon their 
source. The highly polymerized forms are likely to be more difficult to be 
hydrolyzed by microbial enzymes. 
 Hemicellulose is a group of compounds which accompany cellulose in 
leafy and woody structure of plants.  McDonald et al. (2002) defined 
hemicellulose as alkali-soluble cell wall polysaccharides that are closely 
associated with cellulose. Structurally, hemicellulose are composed mainly of 
D-glucose, D-galactose, D-manose, D-xylose and L-arabinose units joined 
together in different combinations and various glycosidic linkages. They may 
also contain uronic acids. During hydrolysis with acid hemicellulose yield 
hexoses, pentoses and frequently uronic acids (McDonald et al.,  2002). 
 McDonald et al. (2002) and Klinke et al. (2004) indicated that lignin is 
not a carbohydrate but closely associated with this group of compounds, 
confers chemical and biological resistance to the cell wall and mechanical 
strength to plant. Van Soest (1982) and McDonald et al. (2002) indicated that 
lignin is a three dimensional branched polymer derivative of phenyle propane. 
These are P-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol. The 
whole lignin molecule is made up of many phenyle propaniod units associated 
in a complex cross-linked structure. The compound is of particular interest in 
animal nutrition because of its high resistance to chemical degradation. 
Physical instruction of plant fibers by lignin renders them inaccessible to 
enzymes that would normally digest them (Firdos et al., 1989 and McDonald 
et al., 2002). There is evidence that strong chemical bonds exist between 
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lignin and many plants polysaccharides and cell wall proteins which render 
these compound unavailable during digestion (McDonald et al., 2002). 
Chesson and Ørskov (1984) demonstrated that lignin in plant cell walls is a 
major factor in restricting their digestion in rumen, furthermore it has been 
shown that large proportion of the lignin in grass covalently bonded to 
carbohydrate and the lignin-carbohydrate complex passes into solution in the 
rumen, although it is probably not digested. Van soest (1963) and Kirk and 
Farrell (1987) mentioned that the protective effect of lignin against plant cell 
wall digestibility by ruminant microorganism depends on many factors which 
include: amount of lignin and nature of bonding between lignin and other 
components. In general ruminants could not hydrolyze the cellulosic material 
present in the agricultural wastes effectively with rumen enzymes since 
crystalline cellulose is associated in the matrix of lignin (Al-Masri and 
Guenther, 1999). Wood products, mature hays, straw and agricultural by-
products are rich in lignin and consequently are of low digestibility. It has 
been recognized that in order to improve the nutritive value of ligno-cellulose 
materials for livestock, some form of pretreatment or processing of the plant 
material is required to break the bonds between lignin and other 
carbohydrates (Helmling et al., 1989). 
Pretreatment of Ligno-cellulosic Materials: 
 Most of the abundant ligno-cellulosic materials in agricultural by-
products are of limited value as forage for ruminant, because they are very 
sparingly palatable and digestible. Treatments have been reported for the 
delignification of these by-products since the work of Gadden (1920) and 
Beckman (1921), either by the addition of easily fermentable nitrogenous 
materials, minerals and carbohydrates which increase its intake and make it 
more beneficial to ruminants, or through soaking treatments which make it 
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more readily digestible and even contribute all or part of the nitrogenous 
components which it lacks. Treatment of straw increased digestibility and 
feed intake which increased productivity especially when combined with 
correct supplementation (Preston and Leng, 1987). Generally all treatments 
applied to improve lingo-cellulosic material for ruminants feeding are 
classified as biological, physical and chemical treatments. 
Biological treatments: 
 Biological treatments comprise composting ensiling, fungal growth and 
enzyme addition (Suksombat, 2004). Application of agro-industrial by-
product in bioprocess may serve dual purpose providing alternative substrates 
and help to reduce environmental pollution that their disposal may otherwise 
cause (Ramli et al. 2005). 
 The effect of biological treatments is through developing necessary 
enzymes to break or loose the bond between lignin and other carbohydrate in 
cell wall material, or decomposed lignin. Several researchers reported that the 
use of microbes such as fungus with roughages increased dry matter 
digestibility, palatability and intake (Latham, 1979; Ramli et al., 2005 and 
Okano et al., 2005). 
Physical treatments: 
 Physical treatments include soaking, chopping, grinding, pelletting, 
steaming under pressure and gamma radiation (Suksombat, 2004). These 
treatments were all found to have positive effect in enhancing digestibility of 
roughages. Sandev and Karaivanov (1977), Al-Masri and Zarkawi (1994) and 
Al-Masri and Guenther (1999) indicated that irradiation decreased cell wall 
constituents in some agricultural wastes. Grinding forages increased the dry 
matter intake and digestibility (Sundstol and Owen, 1984). Pelletting of 
roughages also increased dry matter intake and digestibility (Reddy, 2004 and 
 10
Babiker et al., 2009). De La Cruz (1990) and Pate (1982) showed that steam 
treatment of lignocellulosic materials modified fiber fraction and improved 
digestibility. 
Chemical treatments: 
Sundsatol (1988) and Suksombat (2004) noted that the best method for 
improving the digestibility and intake of straw or ligno-cellulose is through 
chemical treatment with alkalis. Effects of alkalis on cell wall depend on 
hydrolysis of cell wall components and allow ruminant micro-organisms to 
attack cellulose and hemicellulose. It’s commonly accepted that chemical 
treatments of crop residues by alkalis improved their nutritive value and made 
them more utilizable by animals. Alkalis based agent (lime, potassium, 
sodium hydroxide, and ammonia) were used for chemical treatments, they are 
able to hydrolyze the bond between lignin and partial polysaccharides 
(McDonald et al., 2002). 
 Sodium hydroxide has been used with bagasse and rice straw and 
improved their initial digestibility (Suksombat, 2004). Sodium hydroxide is 
wet treatment and requires quantities of water and cause sodium pollution to 
the air (McDonald et al., 2002). Other alkalis were used, such as ammonia 
and urea. Ammonium treatment has been widely practiced as it improves the 
nutritional value of straw. It increases crude protein content and the most 
important fact is that ammonia treatment causes no pollution of soil or water 
(Sundstol and Coxworth, 1984). However, the use of ammonia is declining as 
its handling presents certain difficulties. A possible alternative to the use of 
ammonia is the utilization of its precursor, urea. 
 Urea is an interesting alternative to anhydrous ammonia in the 
treatment of ligno-cellulose foodstuff due to its low cost, easy handling, 
 11
danger-free and non toxic for animals when used at a dose of 5% of the ration 
or lower (Caneque and Sancha, 1998). 
 The urea treated is based on adequate ureolysis due to the effect of 
enzyme urease to release ammonia from urea and the effect of ammonia on 
the cell wall of straw. The ammonia thus generated provokes the (alkaline) 
reaction which gradually spreads and treats the mass of forage. Chenost and 
Kayouli (1997) stated that ammonia acts in just the same way on the vegetal 
matter as if anhydrous ammonia is used through dissolving the parietal 
carbohydrates (mainly the hemicelluloses), swelling the vegetal matter in an 
aqueous environment so easing access by the rumen's cellulolytic 
microorganisms, reducing the physical strength of the cells so easing 
mastication by the animal and digestion by the microbes and enriching the 
forage in nitrogen as is also the case if anhydrous ammonia is used. The 
amount of ammonia released is influenced by favorable environment 
condition that gives rise to the modification of the ligno-cellulosic bond, 
which in-turn increases its nutritional value. These factors include: dose of 
urea applied, initial quality and moisture content of the material treated, 
duration of the treatment and temperature conditions under which the 
treatment is applied (Caneque and Sancha, 1998). 
Effect of Moisture: 
 Dias-da-silver et al. (1988) indicated that hydrolysis of urea can only 
occur in the presence of water. Increased moisture favors contact between 
ammonium and cell wall of materials (Mandell et al., 1988).  Dias-da-silver et 
al. (1988) and Hassoun et al. (1990) noted that ureolysis improved when 
moisture level was raised and produced a better result in the treated material. 
Jayasuriya and Pearce (1983) found that ureolysis was completed at moisture 
level of 30% at the third week of treatment when urea dose was only 40g per 
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kg, while Caneque and Sancha (1998) reported that residual urea for feed 
treated with 6% urea was high when moisture was only 20%, and markedly 
decreased at a 30% moisture level, and practically displayed total ureolysis 
when moisture was 40%. 
 Caneque and Sancha (1998) indicated that the drop in neutral detergent 
fiber (NDF) of straws treated with urea was essentially due to the partial 
solubilization of the hemicellulose, which varied in accordance with the initial 
moisture of straw. The authors noted that solubilization increased with 
increasing moisture content. The crud protein (CP) value of the feed treated 
with urea displayed an inverse relation with regard to the moisture content. 
Cloete and Kritzinger (1984) showed that the highest levels of crude protein 
were found at the lowest moisture level, due to the proportion of urea which 
did not react and thus appeared as residual urea nitrogen. On the contrary, 
when moisture increased residual urea decreased (more intense ureolysis), 
and greater losses of volatile ammonical nitrogen might have occurred 
resulting in a decrease in crude protein. In short, the efficiency of nitrogen 
fixation measured as retained nitrogen (RN) increases along with the moisture 
reaching values of close to 40% in wheat and barley (Caneque and Sancha, 
1998). 
Effect of Temperature: 
High temperature accelerates the process of urea treatment, the great 
effect of urea treatment at high temperature relates to increase ureasic 
activity. Ureasic activity can drop as a result of both low and high 
temperature. Thus Cloete and Kritzinger (1984) observed lower ureasic 
activity in urea treatments at temperatures of 4oC and 35o C. The optimum 
temperature for the urea treatment is 30oC as it affects ligno-cellulosic 
residues (Caneque and Sancha, 1998). 
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Effect of the Initial Quality of Material Treated: 
The effect of urea treatment on the digestibility of the organic material 
depends on the initial characteristics of the material treated. Leask and 
Daynar (1973) found that the physiological maturity of crop has an influence 
on the in vitro dry matter digestibility (IVDMD) of stover. Also there were 
differences in the chemical composition and IVDMD between the plants 
components, leaf, stalk and ear which at the same time were affected by the 
maturity of harvest (Perry and Compton, 1977). Kernan et al., (1979) and 
Ørskov (1987) noted that the improvement in the nutritional value of fibrous 
foodstuff was related to the initial digestibility of the product to be treated, the 
higher the initial quality, the less improvement due to treatment. Caneque and 
Sancha (1998) observed better solubilization of the hemicellulose in barely 
straw, in spite of straws higher initial quality due to its lower NDF content. 
Effect of the duration of treatment: 
The duration of urea treatment is a key factor in regard to its efficacy 
(Borhami and Sundstol, 1982). An important interaction between temperature 
and treatment duration exists, as a longer treatment period is needed at 
moderate temperatures (Cloete and Kritizinger, 1984). Caneque and Sancha 
(1998) reported that NDF content decreased with prolonging time of ensiling 
in barely straw treated with 5% urea. Mascarenhas-Ferreira et al. (1989) also 
reported that the reduction of the NDF depended on the reaction time and that 
the nutritional value of the material treated was significantly improved when 
the treatment period increased from 45 to 60 days. The duration of treatment 
affected fixation of nitrogen. Trach et al. (1998) noted that the fixed nitrogen 
content increased over the treatment time, especially after 20 days. Caneque 
and Sancha (1998) indicated that the longer the treatment, the higher CP value 
of the treated material. He also mentioned that duration affected the quantity 
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of nitrogen retained by the straw which was greater (59%) in straw with 30% 
moisture content after a 60 days treatment period, as these conditions 
increased the quantity of ammonia retained by the straw. This finding 
suggested that the added nitrogen existed mainly in the form of urea at the 
beginning with free ammonia being released after that. Later, more and more 
nitrogen from free ammonia would be fixed together with straw structure. It is 
therefore likely that with short treatment times the response to urea 
ammoniation might be reduced. A rough calculation showed that, on average, 
about 29% of urea-nitrogen was really fixed within the straw structure after 
one month of treatment (Caneque and Sancha, 1998). Thus, Trach et al. 
(1998) stated that duration of treatment should not be shorter than 20 days if 
the ambient temperature is lower than 21oC.  
Doses of urea applied: 
 The dose of alkali to be applied is one of the most important factors to 
determine the efficiency of treatment, and it is related to the moisture content, 
temperature and time reaction (Cloete and Kritzinger, 1984 and Williams et 
al., 1984). Many authors studied the effect of increasing dose of urea on 
improvement of low quality roughages. Joy and Munoz (1992) stated that a 
dose of 3-4% of urea can be sufficient to improve the nutritive value of maize 
stover when moisture level was 30%. Joy et al. (1992) points out that a 
dosage of 3-4% urea can be considered sufficient when the treatment is 
carried out with moisture contents of 30%. While Hassoun et al. (1990) 
reported better digestibility when the urea added increased up to 5.3% of DM. 
In other study Caneque and Sancha (1998) reviewed the work of many 
authors and reported that a high dose of 8% may have negative consequences 
on the NDF and hemicellulose, and they stated that the best results were 
obtained with a dose of 6% urea. Furthermore the authors noted that addition 
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of 0, 20, 40 and 80g of urea per kg of DM of straw cause in vitro digestibility 
to rise from 47.6% in control straw to 59.5, 68.1 and 67.4% respectively.   
Improvement of the nutritive value of sugar-cane bagasse: 
Bagasse is the fibrous portion remaining after the extraction of juice 
from sugar-cane (De La Cruz, 1990 and Ramli, 2005). It is an important by-
product of sugar-cane industry and produced in large quantities. Small 
proportions of these quantities are burnt during the production of sugar-cane 
operation and vast amounts of bagasse are discharged as waste products. The 
sugar-cane bagasse contains about 60-70% carbohydrates mainly cell wall 
polysaccharides in form of cellulose and hemicellulose bound with lignin 
(Firdos et al., 1989). Raw bagasse is composed of about 51.9% cellulose, 
25.7% hemicellulose, 10.3% lignin and 2.11% crude protein (Atta Elmnan et 
al., 2007) and it contains 87.90 NDF, 62.2 ADF and 25.7 HC. Hassoun et al. 
(1990) found that chemical composition of raw bagasse was as follows: 
96.62, 2.70, 88.85 and 53.88% of organic matter, crude protein, NDF and 
ADF respectively and in vitro dry matter digestibility (IVDMD) was 31.17%. 
Bagasse is a potential source of dietary energy and it is used as a feedstuff for 
ruminants specially cattle but at limited levels. The major limitation of 
bagasse as feed is its low digestibility due to the association of lignin with 
cellulose and hemicellulose and its poor nitrogen content (Firdos et al., 1989 
and Hassoun et al., 1990). Many studies have been conducted to enhance the 
nutritive value of bagasse for ruminants through steaming or chemical 
treatment that improved the digestibility of bagasse (Hassoun et al., 1990; 
Sucksombat, 2004 and Okano et al., 2006). Ammonification of straws by 
ammonia or urea increased nitrogen content and improved palatability, dry 
matter intake and digestibility of dry matter (Oji et al., 1977; Dias-da-Siliver 
and Sundstol, 1986; Mehra et al., 1989; Dass et al., 1993; Ahmed et al., 2002 
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and Nair et al., 2002). The chemical treatment of roughages by ammonia or 
urea had no adverse effect on the meat quality and various sensory attribute 
(Naik et al., 2004). The aim of chemical treatment is to increase digestibility 
by increasing lignin solubility or by decreasing the strength of the bonds 
between lignin or phenolic groups and other cell wall constituents mainly 
hemicellulose (Suksombat, 2004). Hemicellulose is highly susceptible to 
extreme pH conditions (below 4 or above 8), thus increasing their solubility 
(Ibrahim, 1983). In case of strong alkali, sodium hydroxide saponifies uoronic 
acid and acetic acid esters and neutralizes free uronic acid group and thereby 
weakens the bonds (Fiest et al., 1970). 
Improvement of bagasse digestibility using urea as chemical treatment 
was conducted by many authors. Urea used to generate ammonia due to effect 
of urease enzyme and ammoniation basically consists of breaking the lingo-
cellulosic bond (Buttener et al., 1982). Chinha (2001) indicated that urea 
treatment of bagasse reduced crude fiber content from 47.3% to 34.1%.  
Hassoun et al. (1990) stated that the NDF content of treated sugar-cane 
bagasse with urea decreased when treated period, urea level and moisture 
increased. Suksombat (2004) reported that NDF content of bagasse decreased 
from 88.5% to 87.1% and 87.2% when 3 and 6% urea levels were used 
respectively for 14 days. In an other study conducted by Att Elmnan et al. 
(2007) noted that NDF of bagasse decreased from 87.9% to 84.2% and 80.8% 
when urea levels were 3% and 5% during an ensiling period of seven weeks. 
Solaiman et al. (1979) and Van Soest et al. (1984) demonstrated that the drop 
in NDF content of treated lignocellulosic material was due to hemicellulose 
degradation by ammonia. Al-Masri and Guenther (1999) reported that 
treatment of agricultural by-products by urea decreased the cell-wall 
constituents by 4-10% over control and combined treatment (gamma 
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irradistion+urea) reduced NDF values when urea was used up to 5%. Caneque 
and Sancha (1998) and Hassoun et al. (1990) observed that increasing levels 
of added urea caused a drop in NDF content. Ramirez et al. (2007) studied 
effect of urea treatment levels on chemical composition of some grasses and 
by-products and found that as urea treatment increased, NDF and 
hemicellulose decreased and ADF, ADL and insoluble ashes remain about the 
same. Drop in NDF content of treated crop residues and roughages was 
obtained by many authors. Caneque et al. (1988) found that NDF of barely 
straw was reduced by 6% urea treatment. Caneque et al. (1988) stated that 
treatment of barely straw with 5% urea dropped NDF content from 67.91 ton 
64.4%. In addition the cell wall content of maize residues was reduced when 
treated with urea at 7% of DM (Aregheore, 2005; Oji et al., 2007).    
The ADF content of sugar-cane bagasse treated with urea was 
increased by increasing both period and moisture level of treatment (Hassoun 
et al., 1990 and Suksombat, 2004). They demonstrated that some parts of the 
binding nitrogen was strongly fixed to cell wall informs other than ammonical 
components. But Atta Elmnan et al. (2007) indicated that ADF content 
decreased in sugar-cane bagasse from 62.2 to 59.9 and 57.2% when treated 
with 3 and 5% urea levels for seven weeks respectively. Typical results were 
obtained by Kraidees (2005), who indicated that ADF decreased from 51.8 to 
49.0% when wheat straw was treated with urea. Trach et al. (1998) studied 
the effect of urea concentration, moisture content and duration of treatment on 
chemical composition of alkali treated rice straw. They found that treatment 
with 5% urea improved nitrogen content from 0.59% to 1.11% and reduced 
NDF and ADF from 72.9% and 45.5% to 70.9% and 44.9% respectively. 
Chin (2001) indicated that urea treatment of bagasse reduced crude fiber from 
47.3 to 34.1%.  
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Treatment of sugar-cane bagasse using urea increased its crude protein 
content. The increasing was higher when the treatment period increased 
(Hassoun et al., 1990). Jayasuriya and perera (1982) have observed the same 
phenomenon on cereal straws, bagasse and other fibrous by-products. 
Hassoun et al. (1990) and Atta Elmnan et al. (2007) noted that treatment of 
sugar-cane bagasse with urea for two to seven weeks improved its crude 
protein content. Nair et al. (2002) showed that urea ammoniation of wheat 
straw increased the crude protein content to 7.5 percent. The crude protein 
content in buffelgrass (Cenchrus ciliaris) hay, bermudagrass (Cynodon 
dactylon) hay, corn stover and corn cobs was increased as urea treatment 
augmented from 0 to 6.5% (Ramirez et al. (2007). Kraidees (2005) 
demonstrated that urea treated wheat straw significantly increased crude 
protein by 2.2 fold. While Al-Sultan (2007) reported an increase in crude 
protein by two fold for wheat straw as a result of urea treatment. Horton and 
Steacy (1979) obtained that ammoniation increased the crude protein content 
of straw almost three fold.   
Firdos et al. (1989) reported that treatment of bagasse pith with 5% 
ammonia increased the digestibility of dry matter, organic matter, cellulose 
and minerals content from 46.71, 45.72, 39.05 and 71.03 per cent compared 
with values for raw bagasse which were 27.64, 25.34, 24.53 and 57.12% 
respectively. The authors suggested that the digestibility of dry matter, 
organic matter, cellulose and minerals increased gradually when bagasse pith 
was treated with increasing concentration of sodium hydroxide and 5% urea. 
The same results concluded by Horton and Steacy (1979) who reported that 
digestion coefficient of straw increased after ammonia treatment. Caneque et 
al. (1988) reported that the digestibility of organic matter and NDF of barely 
straw when treated with 6% urea at moisture level 35% was increased to 
 19
57.43 and 62.00% in comparison with raw barely straw which pointed 46.72 
and 43.97 percent for organic matter and NDF respectively. The authors 
obtained that treatment of barely straw with urea improved crude protein and 
digestibility.  Treatment of low quality forages using sodium hydroxide or 
Ca(OH)2 and  anhydrous ammonia has resulted in increased forage 
digestibility, voluntary intake and animal performance (Klopfenstein, 1978 
and Jayasuriya, 1979). Although an advantage of using nitrogenous alkali is 
that increased microbial requirement for nitrogen when forage digestibility is 
increased by forage treatment is supplied by the chemical (Brown and Adjei, 
1995). Van soest et al. (1984) reported that part of hemicellulose could be 
solubilised when roughages treated with urea and free carboxyl group could 
be increased.  Jayasuriya and Perera (1982), Ibrahim and Pearce (1983) and 
Hassoun et al. (1990) have obtained that urea treatment improved IVDMD of 
straw and other agricultural by-products, the improvement was continuous 
with increasing period of treatment and urea or ammonia level.  
Suksombat (2004) reported that treatment of bagasse with sodium 
hydroxide, urea and with a mixture of them resulted in an increased dry 
matter content and digestibility. Horton and Steacy (1979) showed that 
ammonia treatment of straw increased the apparent digestibility of dry matter, 
organic matter, crude fiber, crude protein and energy in ration. They reported 
that the improvement in dry matter and organic matter digestibility for barely, 
oat and wheat straw ration were 2.2, 3.7 and 6.3 percentage units respectively. 
And crude fiber digestibility was approximately 21% higher when treated 
rather than untreated straw was fed. The same authors mentioned that 
ammoniation increased straw consumption, total dry matter and digestible dry 
matter intake.  
 20
Brown and Adjei (1995) studied the effect of urea ammoniation on the 
nutritive value of guineagrass (panicum maximum). They found that the 
concentration of crude protein increased linearly with increasing urea level 
while cell wall component, ADL and hemicellulose concentration decreased 
and in vitro organic matter disappearance of the treated grass increased 
linearly with increasing urea level and the in vitro organic matter digestibility 
was increased by approximately 15% between the control and highest level of 
urea ammoniation (6% of dry matter). The authors concluded that hay intake, 
daily gain and feed efficiency increased with increasing urea level. Caneque 
et al. (1988) reported that in barely straw the digestibility of the dry matter, 
organic matter and NDF displayed a tendency to increase as the urea and 
moisture level increased. They indicated that the digestibility of organic 
matter and fiber of untreated barely straw differed significantly from that of 
treated straw. The greatest difference was found at 6% urea treatment and 
35% moisture level, under which condition there was a 10.71 point difference 
in the organic matter and 16.31 point NDF of the barely straw.  
Feedlot performance: 
 The term performance of the fattening animals in feedlot is expressed 
as dry matter intake, body weight gain and feed conversion ratio. These terms 
are related closely to each other and affected by many factors. 
Feed intake: 
McDonald et al. (2002) reported that feeding is a complex activity 
which includes such action as the search for food, recognition of food and 
movement towards it, sensory appraisal of food, the initiation of eating and 
ingestion. In general, if cattle are eating well, they should be performing well. 
If dry matter intake is low, animal performance is usually disappointing. 
Forage and feed intake are economically important aspects of beef 
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production. The amount of feed the animal can consume, both form poor 
quality and high quality, determines productivity. Preston et al. (1976) 
demonstrated that roughages intake was low even though digestibility was 
high (60-70%).  
Optimizing cattle performance (average daily gain and feed efficiency) 
is essential in the cattle feeding programmes. Feed intake is a powerful tool 
used by feedlot personnel and nutritional consultants to predict animal 
performance. Voluntary feed intake is an important factor determining total 
energy consumed and hence animal performance. Feed intake is affected by a 
variety of physiological, management, environmental, and genetic factors. 
Though much is known about the factors influencing dry matter intake in beef 
cattle, they are not totally understood. Even so, producers can control many of 
these factors and favorably change production costs and cattle productivity in 
the process. Cheeke (2005) summarized factors affecting feed intake as 
energy level in diet, protein concentration, palatability, digestibility, live 
weight, fatness, breed, sex, age, environmental temperature and physiological 
state of animals. Regulation of intake of fibrous feeds such as straws is more 
complicated. The generally accepted theory is that cattle on high roughage 
rations limit their intake by physical means; they simply cannot add any more 
feed in the rumen. Ørskov (1998) demonstrated that stomach volume restricts 
the intake of feed, so that an animal eats less than its capacity to utilized 
nutrients. McDonald et al. (2002) reported that the capacity of reticul-rumen 
is the most important factor controlling feed intake in ruminants. Physical 
limitations to feed intake is partially a function of rate of digestion and 
therefore rate of passage of feed from the gut. If the rate of digestion can be 
increased, then the rate of passage will most likely increase which in turn 
allows the animal to consume more dry matter. If the rate of digestion is slow, 
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feed intake is limited due to a full rumen (Preston and Willis, 1975). Khalifa 
(1971) reported that voluntary feed intake of roughages was controlled by the 
capacity of the reticule-rumen and when digestibility of the feed ranged 
between 50-70% that limited feed intake due to gut fill. Preston and Willis 
(1975) reported that digestibility improvement of diet up to 70% increased net 
energy and dry matter intake linearly, above this point further increase in 
dietary digestibility progressively reduced dry matter intake while energy 
intake remained constant. Preston and Willis (1975) mentioned that feed 
intake increased by addition of roughages up to 20% of complete diet and 
when roughages exceed 20% there was no further increase in feed intake and 
beyond 40% roughages reduced intake and daily gain. Peiris et al. (1995) 
reported that dry matter intake of steers consuming sorghum grain based diet 
in feedlot was greater than those consuming roughages based diet. El Shafie 
and McLeroly (1964) reported that dry matter intake was 7.5, 8.9 and 10.2 kg 
for Baggara cattle ranging in age from yearling to three years respectively. 
Elkhidir (2004) used sugar-cane bagasse for fattening Baggara cattle and 
reported average daily dry matter intake as 4.82, 5.31, 6.09 and 6.10 kg/head 
when diets used contained 0, 10, 20 and 30% sugar-cane bagasse. Mustafa et 
al. (1990) stated that the average daily feed intake ranged from 10.4 to 11.6 
kg for Baggara bulls kept on concentrate diets mixed with different 
proportions of milled sorghum stover.  Elbukhary (2005) studied the effect of 
dietary energy level on finishing Baggara heifers and found that average daily 
dry matter intake decreased with increasing dietary energy level, the values 
were 6.14, 6.54 and 6.80kg. Dry matter intake of Baggara cattle kept on diets 
containing different protein sources was 7.53, 6.92, 8.45, 7.61, 7.87 and 
8.23kg/head (Intensar, 2002).  Eltahir (1994) reported and average dry matter 
intake was 7.3 kg/head for Baggara bulls fed molasses based diet. El taiyb et 
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al., (1990) stated that the dry matter intake of Baggara bulls fed different 
levels of concentrated diet varied from 9.5 to 10.5kg/head/day. For the same 
breed Guma (1996) reported that an average daily dry matter intake was 5.9kg 
when the bulls were kept on concentrates for 180 days. Elhag and George 
(1981) obtained an average daily dry matter intake of Baggara bulls fed 
different rations based on agricultural by-products as 7.5kg/head. 
Live weight gain: 
 Feed intake is highly related to both gain and efficiency. As general 
rule, animals which eat more will produce more (milk, wool, muscle or fat 
(Preston and Willis, 1975). So energy intake is the most important factor 
affecting growth rate. Average daily gain can be predicted from feed intake. 
Most predictions of weight increases are based on equations that anticipate a 
curvilinear increase in feed intake. Many studies were conducted to detect 
performance of beef cattle, and the results showed that the performance 
varied according to initial weight, age, sex, breed and nutrition.  
Improving feed digestibility was found to increase live body gain. 
Saadullah (1984) reported that cattle on ammoniated urea-treated (urea 
ensiling) rice straw, when supplemented with only small amounts of a by-pass 
protein (fish meal), increased their live weight gain and carcass weight. Steen 
(1995) reported that animals fed adlibitum showed higher growth rate than 
those fed 80% adlibitum. Preston and Willis (1975) suggested that when 
concentrates replaced roughages up to 80-85% of the diet there was an 
improvement in daily gain and fat deposition. The same authors reported that 
the daily gain had increased where small amount of roughage up to 20% have 
been added to the concentrates due to increasing feed intake with addition of 
roughages. They suggested that when roughages has exceeded 20% of the diet 
there was no further increase in feed intake and daily gain, and beyond 40% 
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both feed intake and daily gain were reduced and markedly decreased in 
efficiency of feed utilization.  Uro et al. (1987) indicated that the rate of gain 
of Sudan Baggara bulls was increased in animal fed adlibitum than those fed 
65% adlibitum. The dietary energy level and plane of nutrition are the 
important factor affected rate of gain in beef cattle. Fortin et al. (1981) 
reported that growth of muscles and fat was improved with increasing dietary 
energy level. Ahmed (2003) concluded that growth rate was increased in 
Baggara bulls kept on high energy dietary level, but it was not affected by diet 
protein content. Animal on high plane of nutrition produced about 10% more 
carcass gain than those on lower plane of nutrition (Keane and Dernnan, 
1980). Elkhidir (2004) studied the utilization of sugar-cane bagasse by 
ruminants using four groups of Baggara bulls kept on diets containing 0, 10, 
20 and 30% raw bagasse in iso-caloric and iso-nitrogenous diets. She reported 
that the daily gain was 0.97, 0.96, 0.91 and 0.81kg respectively. An average 
daily gain for the same breed obtained by Elhag and George (1981) was 
ranging from 1.0 to1.2kg when the animals were fed rations containing high 
levels of agro-industrial by-products. Babiker (2008) found an average daily 
weight gain as 1.062, 1.016, 1.068 and 1.2043kg when Sudan Baggara bulls 
were fed bagasse based diets with differed types of supplements. Gaili and 
Osman (1977) Fed Baggara bulls two different types of fattening diets and 
found that the daily live weight gain was 1.13 and 1.23kg. For the same breed 
Guma (1996) reported an average daily gain as 1.03 kg/head. While Eltayeb 
et al. (1990) obtained 1.05 kg average live weight gain for Baggara bulls fed 
sorghum stover plus concentrate mixture adlibitum. Eltahir (1994) studied the 
feedlot performance for Baggara bulls kept for 75 days and reported an 
average daily live weight gain as 1.13kg. Ahmed et al. (1977) showed that 
daily gain of Baggara cattle was 1.25kg on conventional concentrate with low 
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quality roughages for fattening. Elbukhary (2005) reported an average daily 
gain as 0.58, 0.67 and 0.73kg for Baggara heifers fed rations with different 
energy levels. He reported that the daily gain increased with increasing 
dietary energy content. Mohammed (2004) recorded 1.01,0 .95, 0.91 and 0.85 
kg/head/day live weight gain for four groups of Baggara bulls fed graded 
energy levels. El Shafie and McLeroly (1964) reported 1.0, 1.11 and 1.19 kg 
daily live weight gain respectively  for three groups  of age (18, 24 and 30 
month) of Sudan Baggara bulls fed agricultural by-products in feedlot  for  
100 days. Abdu Elglil (1997) fattened Baggara bulls with dietary energy 
levels of 9.69M/kg; he obtained an average daily gain as 1.1kg.  
Feed Conversion Ratio (FCR): 
In animal husbandry, feed conversion ratio (FCR), feed conversion 
rate, or feed conversion efficiency (FCE), is a measure of an animal's 
efficiency in converting feed mass into increased body mass. The FCE is 
defined as the proportion of feed that is converted into live weight, and is 
normally expressed in units of live weight/ units of dry matter intake. Also 
feed conversion ratio is known as efficiency of feed utilization. The term 
efficiency implies a ratio of outputs to inputs. Output can be expressed as 
carcass or lean product, and input as digestible or metabolizable energy 
intake. FCR (feed/gain ratio) is useful to evaluate the effects of diet quality, 
environment, and management practices on production efficiency in growing 
and finishing cattle. Feed conversion efficiency is a very important 
measurement because of the high cost of feed. It is also a useful index of 
biological efficiency because high values (high efficiency) is associated with 
more lean and less fat growth.  Live weight gain and daily dry matter intake 
are used to measure ratio based feed efficiency. Feed conversion ratio is 
negatively related to live body gain (Preston and Willis, 1975). Feed 
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conversion ratio is affected by feed intake and daily gain, and the factors that 
affect these two parameters as sex, breed and plane of nutrition. Levy et al. 
(1968) observed that feed conversion ratio deteriorate with increase in live 
weight and duration of fattening. Cooper et al. (1968) showed that feed 
conversion ratio was significantly improved by high concentrate diets 
compared to high roughages diet. Mohamed (1999) finished Baggara bulls on 
different dietary energy levels and reported that feed conversion ratio of the 
group fed lowest dietary energy diet was significantly inferior to the other 
groups. Moose et al. (1969) found that ruminants given a high concentrate 
diet had a better feed conversion ratio than those given a low concentrate diet. 
Preston and Willis (1975) reported that when concentrates replaced roughages 
at least up to the point of contributing 80-85% of the diet, there was an 
improvement in daily gain and mark increase in efficiency of feed utilization. 
Elshafie and Mcleroy (1964) showed that feed conversion ration was 6.5, 7.9 
and 9.2 kg dry matter per unit live weight gain in Baggara bulls ranging in 
age from year to three years old fed a ration composed of agricultural by-
products. With the same breed Eltayeb et al. (1990) studied the performance 
of Baggara bulls fed different levels of sorghum stover, and reported values 
ranging from 8.6 to 10.8kg DM/kg live weight. Elkhidir (2004) found that 
feed conversion ratio values were 5.15, 5.02, 6.09 and 7.35 kg dry matter/kg 
live weight gain for Baggara bulls fed rations contain raw bagasse at levels 0, 
10, 20, and 30% respectively. Ahmed et al. (1977) found that feed conversion 
ratios were 8.37 and 8.83 kg DM/kg live weight gain for two groups of thirty 
month old Sudan Baggara bulls fed two different concentrate diets. On the 
other study Mohammed (2004) demonstrated that for the same cattle breed at 
four live weight groups (200, 250, 300 and 350kg) fed molasses based ration, 
feed conversion ratio values were 9.4, 10.31, 10.92 and 11.82 DM kg/kg live 
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weight gain respectively. Other study on Baggara bulls fed different levels of 
concentrate, Mohamed (1977) obtained feed conversion ratio that ranged 
from 8.6 to 10.8 kg DM/kg live weight gain. Babiker et al.(2009) investigated 
the performance of Sudan Baggara bulls fed bagasse based ration, and 
reported that feed conversion ratio were 8.120, 5.724, 7.16 and 7.592 kg DM 
/kg live weight gain. Guma (1966) studied beef production potentials of 
Sudan Baggara cattle, and reported feed conversion ratio values of 4.3, 5.1, 
5.8, 6.4, 7.5 and 8.3 kg DM/kg live weight gain. A value for the same cattle 
breed obtained by Eltahir (1994) was 6.49 kg DM/ kg live weight gain. 
Ahmed (2003) fed Baggara bull’s different energy and protein dietary levels; 
and reported feed conversion values range from 7.0 to 8.4 kg DM/ unit live 
weight gain.  Mustafa et al. (1990) used mature Sudan Baggara bulls on 
feedlot diets of different levels of milled sorghum stover, they obtained feed 
conversion values that ranged from 7.4 to 8.5kg DM. Gaili and Osman (1979) 
earlier showed that the feed conversion ratio of Baggara bulls was in the 
range of 8.75 to 9.75kg DM/ unit live weight gain. 
Elbukhary (2005) studied the effect of different energy levels (11.5, 
10.5 and 9.5MJ/kg) on performance of Sudan Baggara heifers, and showed 
that the feed conversion ratio as 9.88, 10.51 and 11.82 respectively.     
Live animal measurements 
 Body measurements of beef cattle are used for several purposes, 
including prediction of growth rate, body condition and conformation (Flock 
et al., 1962). Linear body measurements are helpful in matching mature 
animal size to production resources. Body measurements were never intended 
to be used only for the purpose of selecting for a larger size. Also these 
measurements should never be interpreted as a replacement for the weight of 
a beef animal at a given age. No one specific size for an animal will be ideal 
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for all feed and management resources, breeding systems and feed costs. 
Reproductive rate and market weight ultimately determine the optimum range 
in size for a given set of feed and management resources, breeding systems 
and production costs.  
Live animal evaluation takes into consideration any subjective 
measurements that help describe an animal. Some common measurements of 
cattle include back fat, pelvic area, scrotal circumference, height at the 
shoulder, height at the hip, and length of body. In recent years, height 
measurements have become a descriptive supplement to many herd testing 
programmes. Linear measurements for height have added another dimension 
to evaluate the lean-fat ratio of an individual animal. How much emphasis 
breeders should place on linear measurement should depend on their goals 
relative to type of cattle desired. Body measurements have been used for the 
prediction and estimation of body weight in beef cattle during fattening period 
(Lush, 1928). Kohli et al. (1951) reported that linear body measurement can 
be used to estimate growth rate and efficiency of gain. Abdelhadi and Babiker 
(2009) gave a prediction for zebu cattle live weight using heart girth around 
the hump. While Cook et al. (1951) used linear boy measurement to predict 
carcass grade and dressing percentage. Bergen et al. (2005) used live 
ultrasound, weight and linear measurements to predict carcass composition of 
young beef bulls.  
Height measurement is the most commonly used body measurement in 
selection programs. Height can used as an aid to predict growth and fattening 
as well as its mature size. The recommended point for measurement of hip 
height is directly over the hip bones, or hooks. These measurements may be 
converted to frame scores in mature size. The frame score can be helpfully 
adjusted to other performance records when selecting stocks (McKiernan, 
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2000). Tallis et al. (1959) reported that the ratio of weight/height and 
weight/length were positively correlated with rib eye area, but negatively 
correlated with the percentage of edible meat. The same authors stated height 
at rump is highly related with carcass length.    
Determination of the optimum time of slaughter can be detected from 
linear body measurements (Preston et al., 1963). Preston and Aitken (1963) 
found highly significant relations between the ratio of chest girth/height at 
wither and fat content of the 10th rib cut. Heart girth is the most variable 
measurement with live body weight because it is the measure of both the 
skeletal and soft tissue (Sulieman et al., 1990; Lawrence and Fowler, 1997).  
Larger heart girth results in increased vigor, adaptability, and feed efficiency. 
Insufficient heart girth allows front feet to toe out and the animal will be a 
high maintenance animal and is more susceptible to stress. Each extra inch of 
girth gives an extra 37 pounds of red meat. Bulls with wider rump widths are 
heavier muscled individuals; rump width also provides space for a larger loin 
and eye muscle area. Mohammed (2004) reported that all the linear 
measurement parameters studied for Baggara bull in four groups of weight 
(200, 250, 300 and 350kg) increased with increase slaughter weight. And 
there were no significant deference between height at withers, body length, 
high at rump and rump width measurements between bulls slaughtered at 200 
and 250 kg. While body length, height at rump and hump circumference had 
no significant increase in bulls slaughtered at 300 and 350kg.  
Body Components: 
There are many parts of a living animal which are inedible including 
hide or fleece and contents of the gastrointestinal tract. A saleable meat 
constitutes only a proportion of the live animal weight (Warriss, 2000). 
Carcass is the most important, but the liver, kidneys and, to limited extend 
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various other visceral components also have values as food items. The four 
major elements determining the quality of the beef animal are size or weight, 
body composition attractiveness of the meat and eatability (Preston and 
Willis, 1975). 
Non-carcass components: 
 Non-carcass components include offal’s such as, heart, lungs, trachea, 
head, liver as well as alimentary tract and hide. The developments of these 
components are affected by plane of nutrition and progress of age. Animals 
fed on high plane of nutrition were found to contain heavier visceral organs 
than those fed on low plane of nutrition (wise et al., 1961). Owen and 
Norman (1977) reported that with increasing age the non-carcass components 
such as head, feed and lungs become progressively heavier. Elbukhary (2005) 
reported that Baggara heifers fed 11.5MJ/kg dietary energy level had heavier 
intestine, liver, kidneys, Omental fat and mesenteric fat than the groups fed 
10.5MJ/kg or 9.5MJ/kg dietary energy levels. Mohamed (1999) found that 
head and hide were significantly heavier in Sudan Baggara bulls fed low 
dietary energy level, but the intestine, stomach, liver, lungs, diaphragm and 
oesophagus were higher when those were fed diet having high dietary energy. 
Estimations of non-carcass components proportion and weight of Baggara 
cattle were reported by many authors. El shafie et al. (1976) reported that the 
average percent of non-carcass components as percent of slaughter weight 
were 1.33, 1.07, 4.78, 8.33, 2.35, 0.38, 0.29, 0.13 and 0.26% for liver, lungs, 
head, hide, feed, heart, spleen, testicles and fat respectively for Baggara cattle 
slaughtered at 229.8 kg average slaughter weight. For the same breed Elkhidir 
(2004) used four groups of animals kept on diets contains different levels of 
raw sugar-cane bagasse and reported no significant differences between non 
carcass components. The author reported that the percent of intestine full, 
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intestine empty, rumen full and rumen empty increased with increasing level 
of sugar-cane bagasse in the diet. Eltahir (1994) reported an average 
proportion of head, hide, heart, lungs and trachea, alimentary tract, liver, 
spleen, omental fat, four feed and tail components as 5.56, 8.98, 0.41, 1.4, 
6.29, 1.53, 0.35, 0.9, 2.44 and 0.33 respectively for Baggara bulls. Guma 
(1996) working with Baggara bull fed on all concentrate diet reported 4.6, 
3.1, 17.6, 25.4, 6.9, 1.3, 4.4, 3.6, 2.02, 1.3, 0.72 and 3 kg  as an average 
weight of non-carcass components as omental and mesenteric fat, head, hide, 
feet, tail, heart, liver, lungs and trachea, oesophagus, diaphragm, spleen and 
genitals respectively.  
Dressing percentage: 
All measures of efficiency pertaining to commercial production are 
related to final live weight at the farm or feedlot (Preston and Willis, 1975). 
Dressing percentage is the relation between live weight and carcass weight 
(hot or cold) which is represented by the proportion of the dressed carcass 
divided by the slaughter weight and or empty body weight multiplied by 100, 
to calculated dressing percentage on full or empty basis. Dressing out 
percentage could be calculated for hot or cold carcasses. Berg et al. (1991) 
found significant differences in dressing percentage of hot and chilled 
carcasses. Hot carcass weight was greater than cold carcass due to chilling 
loss. Preston and Willis (1975) suggested that the most important factors 
affecting dressing percentage include nutrition, age, live weight, sex and 
breed. Stobo (1964) reported that when an animal subjected to fasting period 
before slaughtering gut fill was reduced and hence the dressing percentage 
increased. 
The type of diet affects the content of alimentary tract. Stobo (1964) 
found an association in calves between fiber content of the diet and rumen fill 
 32
which would result in large differences in dressing percentage. He reported 
that the rumen fill increased with increasing level of hay in the diet. Reid et 
al. (1963) showed that the contents of the gastro-intestinal tract could account 
for up to 30% of live weight depending on the nutritional regime. Preston and 
Willis (1969) reported that average dressing percentages were 52 and 55.8% 
for Brahman cattle fed high forage and only concentrate respectively. Similar 
results were found by McCroskey et al. (1961) who compared roughages to 
concentrate rations of 4:1 and 1:4. High energy diets with minimal roughages 
and increase in energy concentration lead to raise dressing percentage 
(Guenther et al., 1962) these higher carcass yields were associated with 
increased fat deposition (Guilbert et al., 1944). Preston and Willis (1975) 
found that the carcass weight increased with live weight in linear relationship. 
Since body weight generally increases with age, a positive relationship 
between age and dressing percentage is expected. 
Dressing percentage of 53% was reported by Hall (1962) for Sudan 
Zebu cattle on high plane of nutrition and good husbandry. Mohamed (1999) 
found an average hot dressing percentage of Baggara bulls of 49.69 and 
56.38% on slaughtered an empty body weight bases respectively. The 
equivalent cold dressing percentages were 48.48 and 55.2%.  Gaili and 
Osman (1979) reported that dressing percentage values that ranged from 52.8 
to 54% on full body weight basis of Baggara bulls. Mohammed (2004) 
reported mean hot carcass dressing percentages on empty body weight basis 
as 57.12, 57.71, 61.45 and 61.70% for Baggara bulls slaughtered on different 
weights. While the equivalent chilled dressing percentages were 55.29, 56.02, 
60.17 and 60.48%. Eltahir (1994) found an average hot dressing percentage of 
Baggara bulls of 51.97 and 56.92% on live and empty body weight bases, 
respectively. The equivalent cold dressing percentages were 58.38 and 
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55.19% in that order. Elkhidir (2004) obtained an average hot dressing 
percentage on slaughter weight basis as 54.31, 53.43, 52.54 and 52.48% and 
equivalent cold dressing percentage as 52.56, 51.22, 51.06 and 50.03% for 
Baggara bulls fed different levels of sugar-cane bagasse. 
Carcass composition: 
Carcass is that proportion of the animal remaining after 
exsanguinations and removal of head, feet, tail and all internal organs except 
kidney and the surrounding fat (Yeates, 1965). Berg and Butterfield (1976) 
suggested that the best carcass for consumer is met when proportion of lean 
meat is maximum, bone is minimum and fat is of an optimum. Carcass 
composition is affected by many genetic, nutritional, sex, slaughter weight 
and environmental factors encountered in beef production (Preston and 
Willis, 1975). Preston et al. (1963) reported that increasing ME concentration 
of the diet produced fatter carcass with Friesian steers fed intensively from 3 
month of age. Replacing roughages by concentrates in the fattening diet 
produced fatter carcass (McCroskey et al., 1961; Martin et al., 1966). 
Mohamed (1999) conducted an experiment to detect effect of different energy 
levels on fattening Baggara bulls and found that the muscle, fat and bone 
percentage of loin-joint as percentage of cut weight were 62.21, 6.87 and 
26.43 for bull fed 10.5MJ/kg respectively. For the same breed Elkhidir (2004) 
used different levels of sugar-cane bagasse for fattening bulls and reported 
that the proportion of muscle content of sirloin was 64.6, 63.92, 61.11 and 
59.76%. And for bone content was 25.37, 26.66, 27.97, and 28.51%. And for 
fat content was 7.83, 6.76, 5.37 and 5.23%. Elbukhary (2005) used three 
levels of ME for fattening Baggara heifer and found no significant differences 
in carcass composition between treatments due to variation in dietary energy 
levels. Elshafie and McLeroy (1964) found that the percentage of meat plus 
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fat and bone in Sudan zebu cattle carcasses were 81.1and 18.8% respectively. 
Guma (1996) fattened Baggara bulls on concentrate ration and reported that 
the carcass contained 63.9% muscle and 14.5% bone. Eltahir (1994) reported 
that the carcasses of the Baggara bulls kept on molasses based diet contained 
64.57% muscles 21.36% bone and 14.06% fat.  
Muscle to bone ratio:  
Among carcasses of similar weight, the proportions of the various 
carcass components (i.e. muscle, fat and bone) vary considerably depending 
on breed type and growth rate. The proportion of muscle in the carcass is of 
major importance since this is the prime determinant of yield and commercial 
value. The ratio of fat to muscle is probably the single most important 
criterion by which consumers judge the quality and value for money. There 
are three important factors when considering saleable meat yield: fat 
thickness; carcass weight; muscle-to-bone ratio. 
After accounting for weight and fatness, the remaining variation in 
carcass composition in mixed breed populations is largely explained by 
differences in muscle: bone ratio. It is an important characteristic of any 
carcass in determining its ultimate value and, clearly, the higher the 
muscle:bone ratio, the better the yield. The muscle:bone ratio changes during 
growth and plateaus near its maximum value (around 5.1, 4.8 and 4.9 for 
bulls, steers and heifers, respectively) when animals reach about 50% of their 
mature weight. If animals are slaughtered beyond 50% maturity, there is little 
need to consider growth changes in this ratio. However, if an animal is 
slaughtered earlier than this, when its overall weight and proportion of muscle 
are both increasing, the weight of saleable meat and, therefore, the value of 
the carcass, will increase appreciably after small time intervals. Tayler (1964) 
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demonstrated that muscle:bone ratio increased with fatness due to the increase 
in intramuscular fat or reflection of carcass weight. 
The effect of nutrition on muscle:bone ratio was studied by Callow 
(1961) who found no significant differences in muscle:bone ratios from four 
different planes of nutrition. Dolezal et al. (1982) used thirty-eight steers and 
thirty heifers (14 to 17 months of age, from F1 Hereford × Brahman cows); 
the animals were either forage-fed for 123 days on millet-bermudagrass 
pasture or grain-fed for 90 days on a high-concentrate diet and were then 
commercially slaughtered. He reported that Muscle to bone ratios ranged 
from 2.38 to 4.37 with both ages. Waldman et al. (1971) found that 
muscle:bone ratio of Holstein steers reared on two nutritional treatments (high 
and moderate) increased as the animal weight increased. They found that the 
average mscle:bone ratio of slaughtered steers at age of 91, 227, 341, 455 and 
590 days as 2.37, 2.72, 3.02, 3.42 and 3.58 respectively. Eltahir (1994) 
studied beef production potential of Baggara bulls, and found that the 
muscle:bone, muscle:fat and bone:fat ratios as 3.03, 4.63 and 1.52 
respectively. For the same breed Mohamed (1999) reported muscle:bone ratio 
of 2.7, 2.38 and 2.37 when he used different energy levels (11.5, 10.5 and 
9.5MJ/kg). Elshafie and Osman (1971) studied the performance of Sudan 
Baggara bulls and found muscle:bone ratio of 2.9 for bulls slaughtered at an 
average weight of 165kg. Elshafie and McLeroy (1964) indicated that muscle 
to bone ratio was 4.12 for Baggara bulls slaughtered at 301kg. Abd Elgalil 
(1997) reported muscle:bone, muscle:fat and bone:fat ratios as 2.53, 9.05 and 
3.9 respectively for Baggara bulls fed blood meal versus groundnut cakes in 
diet. Elshafei (1968) found that meat:bone ratio in 9, 19, 11th rib cut was 3 for 
Sudan Zebu cattle slaughtered at approximately 300kg. Elbukhary (2005) fed 
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Baggara heifer different dietary energy levels (11.5, 10.5 and 9.5MJ/kg) and 
reported muscle to bone ratios as 3.54, 3.55 and 3.69 respectively.    
Carcass measurements: 
 Epley et al., (1971) mentioned that carcass measurements include 
carcass weight, weight of kidney and its surrounding fat, area of longissimus 
dorsi muscle, back fat thickness and linear measurement.  
Linear carcass measurements:  
 Linear carcass measurements include length, width and depth, in 
addition to circumference at chest, barrel and hind quarter. Some of these 
measurements are useful for carcass composition prediction (Kohli et al, 
1951; Yeates, 1952 and Preston and Willis, 1975). The length seems to have 
no predictive value while width measurements usually are influenced more by 
fat deposition than muscle (Butterfield, 1965). Gaili and Osman (1979) 
claimed no significant differences in linear carcass measurement between 
treated groups of Baggara bulls of different initial weights. The overall mean 
of carcass length, carcass depth and hind leg length were 112.7, 62.7 and 74.7 
cm respectively. Mohamed (1999) indicated that chest circumference, barrel 
circumference, hindquarter circumference and hindquarter length in Baggara 
bulls finished on different dietary energy levels were greater for bulls fed high 
and medium dietary energy levels than the group fed the least dietary energy 
level but the differences were not significant. Guma (1996) reviewed the 
work of many investigators and reported carcass length of 119.8, 112.3, 116.6 
and 116.9cm for Africander, Angoni, Baratose and Boran breeds. He also 
pointed out that in temperate cattle breeds Simmental had significantly 
(P<0.001) longer carcass (132.7cm) than Hereford (132.2cm) and Friesian 
(130cm). The shortest hind leg length was found in Friesian (69.6cm) 
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Hereford being intermediate and Simmental had the longest hind leg 
(71.3cm). 
Longissimus dorsi muscle area: 
 The area of the longissimus dorsi muscle has been studied for many 
years. The cross sectional area of rib eye has been used as a factor in the 
evaluation of meatiness of experimental beef carcass (Preston and Willis, 
1975). The rib eye area measured by means of tracings and planimeter 
(Naumann, 1952). Field and Schoonover (1967) slaughtered bulls at live 
weights that ranged from 91 to 589kg and reported linear increase in eye-
muscle area throughout the entire weight range. Longissimus dorsi muscle 
area ranged from 33.11 to 90.29cm2. Preston and Willis (1975) indicated that 
in an experiment that involved 99 steers and 100 heifers fattened for 270 days 
and slaughtered at intervals during the fattening period, in the heifers eye-
muscle area increased for the first 120 days of fattening and then remained 
constant for the succeeding 150 days; while steers, eye-muscle area increased 
for up to 180 days of fattening before leveling off during the remainder of the 
fattening period. Thope and Gruickshank (1980) showed that the eye muscle 
area for Africander, Barotse, Angus and Boran X Angus were 64.9, 64.4, 62.0 
and 62.4cm2. Eltahir (1994) obtained longissimus dorsi area of 55.17 and 
56.33cm2 for Baggara and half-cross Friesian bulls respectively. Mayer et al. 
(1965) reported that longissimus dorsi area increased with increase of energy 
intake when bulls were fed on high or low energy diets.  Guma (1996) studied 
the beef production potential of Baggara and Kenana bulls fed intensively on 
sorghum based diet and reported eye muscle area of 66.9 and 60.6cm2 for the 
two types respectively. Mohammed (2004) slaughtered Baggara bulls of 
different live weights (200, 250, 300 and 350kg) and gave longissimus dorsi 
area as 38.16, 40.78, 49.26 and 49.66 cm2 according to the live weight 
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respectively. For the same breed  Elkhidir (2004) reported rib eye area were 
53.36, 48.29, 45.76 and 39.67cm2 that the rib eye area decreased significantly 
with increasing sugar-cane bagasse percentage in the diet. 
Back fat thickness: 
 Back fat thickness measured over the Longissimus dorsi muscle has 
been shown to be highly positively correlated and a useful predictor of total 
percentage fat and indirectly of carcass muscle (Brungardt and Bray, 1963). 
Ramsey et al. (1962) reported that back fat thickness over the eye muscle area 
was effective as carcass grade or yield grade in determining separable lean or 
fat in the carcass. Preston and Willis (1975) demonstrated that fat thickness 
had proved a reliable and simple guide to carcass composition and edible 
meat yield.  Bowling et al. (1977) finished beef cattle on forage and grain and 
reported that back fat thickness increased with grain finished animals 
(0.84cm) than with forage finished animals (0.41cm) and the difference was 
significant (P<0.05). Guma (1996) reported back fat of 0.31 and 0.48 cm for 
Kenana and Baggara bulls respectively which were intensively fed on 
sorghum grain based diet. Mohamed (1999) studied the carcass traits of 
Baggara bulls finished on different energy levels (11.5, 10.5, 9.5 and 
8.5MJ/kg) and found that back fat was thicker with high energy level group. 
Mohammed (2004) studied meat production potential of Baggara cattle and 
reported that subcutaneous fat as values 0.31, 0.4, 0.55 and 0.61cm for 200, 
250, 300 and 350 slaughtered weights respectively. Elkhidir (2004) finished 
Baggara bulls on diets that contained different levels of sugar cane bagasse 
and found that no significant differences for back fat thickness which were 
0.47, 0.43, 0.34 and 0.25 when the bagasse levels in the diet were 0, 10, 20 
and 30 respectively. 
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Wholesale cuts yield: 
     Since the consumer seeks leanness above all other attributes of meat 
quality (Prescott and Hinks, 1968) it is obvious that the producer must aim for 
an animal which at the specified carcass weight performs most satisfactorily 
on this score. Prior et al. (1977) reported that the economic of production of 
beef from cattle that yield a high percentage of highly acceptable retail cuts 
with minimum amount of fat is of great importance to beef cattle industry. 
Koch et al. (1981) reported that because of differences in desirability of lean 
in each cut and differences in composition, wholesale cuts differ in their 
economic value. 
 Edible meat is subdivided into two parts which refer to first and second 
quality meat. Beef heavier wholesale cuts as topside and silverside, rump and 
extended roasting rib are obtained from the proximate part of the hind quarter 
and the dorsal area posterior to the 5th rib (Preston and Willis, 1975). 
Guma (1996) reported that the percentage of wholesale joints of 
Baggara bulls on carcass weight basis were 7.2, 5.5, 11.6, 8.6 and 16.5 for 
clod, thick rib, chuck, extended roasting rib and top and silverside, 
respectively. Elkhidir (2004) Found that the percentage of wholesale cuts 
decreased with increasing sugar-cane bagasse level in the diet, yet the 
decrease was not significant. Eltahir (1994) reported that the overall mean 
percentage of wholesale cuts of Baggara bulls on carcass weight bases were 
2.95, 5.35, 13.68, 9.53, 4.52, 1.87, 8.64, 5.0, 4.39, 4.47, 9.62,6.8 and 17.59 for 
shin, neck, clod, chuck, extended roasting rib, thick rib, thin rib, brisket, thin 
flank, thick flank, leg, sirloin, rump and top and silverside respectively. 
Babiker (2008) studied wholesale joint yield of Baggara bulls kept on four 
types of diets and found that the top and silver side represented 3.6, 4.6, 3.9 
and 3.8 percent of empty body weight and were influenced by the diet 
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significantly, the rump weight ranged from 5.8 to 9.0kg among slaughtered 
bulls. The weights of leg, thick flank, thin flank, sirloin, extended roasting 
ribs, thin ribs, thick ribs chuck and blade, brisket, neck, clod and shin were 
not influenced by diet type. Agag (1994) studied yield of wholesale cuts of 
two types of Baggara cattle and reported the following data for round, loin, 
ribs, chuck, flank, blade, brisket and fore-shank as 36.1, 26.2, 13.9, 42.6, 2.9, 
9.8, 8.3 and 8 kg for Nyalawi type compared to 33, 24.9, 12.6, 37.2, 2.7, 8.8, 
9.1 and 7.2kg for Messiera type.  
Meat quality attributes: 
 A major theoretical and practical problem of beef production is the lack 
of an objective definition of what is meant by quality. Pearson (1960) 
described quality as that combination of physical, structural and chemical 
characteristics of meat which results in maximum desirability from the 
standpoint of appearance and eatability. Warriss (2000) reported that two 
overall types of quality could be distinguished which meant functional quality 
and that referred to desirable attributes in a product (tenderness, flavor). The 
other was the conformance quality which meant producing a product that 
meets the consumer’s specification exactly. 
Meat color: 
 Judge et al. (1989) mentioned that color as detect by the eye was the 
result of a combination of several factors. They reported that specific color 
had three attributes known as hue (describe the color as yellow, red, 
green…ect), chroma (purity or saturated) and value (brightness). Lawrie 
(1991) claimed that the appearance of meat surface to consumer depended on 
the quantities and type of myoglobin molecules, on its chemical state and on 
the chemical and physical condition of other components in the meat. Trout 
(1991) and Boles and Pegg (2002) observed that consumers accept fresh beef 
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to be bright cherry red and cured meat products to be bright pink. Meat color 
is influenced by the age of an animal, species, sex, diet and exercise. Pearson 
(1960) demonstrated that the attractiveness of meat contributed by color of 
lean, color of fats, trimmings and cut texture. Preston and Willis (1975) stated 
that the greater intramuscular fat content of grain fed animal the greater is the 
light reflection from muscles, which will make meat appears light. Lean color 
of meat from young bulls kept on high plane of nutrition was significantly 
differed from other group kept on low plane of nutrition (Kousgoard, 1980). 
 Eltahir (1994) reported significant breed (P<0.01) difference between 
Baggara and Friesian crosses. The later produced more red colored meat. 
Elkhidir (2004) found that meat color was not significant difference in 
lightness (L), redness (a) and yellowness (b) among meat of bulls fed iso-
caloric, iso-nitrogenous diets with different levels of sugar-cane bagasse, but 
the group fed 0% sugar-cane bagasse showed the least values than the others. 
Mohammed (2004) showed that meat color of Baggara bulls slaughtered at 
low live weight (200-250kg) had superior color score than that from animals 
slaughtered at heavier weight (300-250kg). Guma (1996) reported that color 
of Baggara bull meat had more lightness (L) 35.3 and less redness (11.9) 
value than Kenana cattle and was attributed to the degree of finish as Baggara 
cattle had more fat than Kenana. 
Juiciness:    
 The principal sources of juiciness in meat are intramuscular lipids and 
water. The major contributor to the sensation of juiciness is water remaining 
in cooked products (Judge et al., 1989). Johnson (1946) and Judge et al. 
(1989) reported that differences in juiciness were related primarily to the 
ability of muscle to retain water during cooking. Bennett et al. (1995) claimed 
that juiciness was affected by the plane of nutrition; and reported that 
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juiciness was lower with forage finished steers than grain finished steers. 
While Bowling et al. (1977) reported that beef from grain finished cattle did 
not differ significantly in initial and sustained juiciness from forage finished 
beef. Elkhidir (2004) found that juiciness decreased with increasing level of 
sugar-cane bagasse in the diet of finished Baggara bull, but the decrease was 
not significant. 
Flavor and aroma:  
 Flavor is a complex sensation. It involves odor, taste, texture, 
temperature and pH (Lawrie, 1991). Muscle has higher flavor than bone and 
skin, these results supply evidence that most of the flavor in meat is derived 
from muscle (Pippen et al., 1954). Cole et al. (1960) showed that flavor 
increases with fatness, age, breed and sex. Lawrie (1991) reported that older 
animals had more flavor than those which were young. 
 Many authors suggested that finishing beef cattle on grain produced 
meat with desirable flavor in comparison with forage finished animals 
(Wanderstock and Miller, 1947; Bowlling et al., 1977; Smith, 1990 and 
Bennet et al., 1995). Eltahir (1994) found no breed differences in meat flavor 
between Baggara bulls and Friesian crosses with local Sudan zebu cattle. 
Mohammed (2004) did not find significant differences in flavor according to 
slaughter weight in Baggara bulls. Guma (1996) also found no difference in 
meat flavor between Baggara and Kenana bulls. Elkhidir (2004) found no 
significant differences in meet flavor between the four groups of Baggara bull 
finished on different levels of Sugar-cane bagasse. 
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Tenderness: 
 Tenderness is the predominant quality determinant and probably the 
most important organoleptic properties (Lawrie, 1991). Burson and Hunt 
(1986) reported that tenderness is related to intramuscular fat, sarcomere 
length and collagen content of meat.  
  The factors that affect beef tenderness are sex, age, pre-slaughter 
handling procedure, slaughter dressing, electrical stimulation, chilling, post-
mortum tenderization technology and meat ageing (Koohmaraei et al., 1996). 
Mohammed (2004) mentioned that tenderness of Baggara beef declined as the 
slaughter weight increased. Eltahir (1994) reported that tenderness of Baggara 
and Friesian crosses was not significantly different. While Elkhidir (2004) 
suggested that tenderness of beef from Baggara bulls fed 0 and 10% sugar-
cane bagasse in diets was tenderer than that for bulls fed 20 and 30% sugar-
cane bagasse in their diet.    
Water holding capacity and cooking loss: 
 Grau and Hamm (1953), Hamm (1960), Jude et al. (1989) defined 
water holding capacity as the ability of meat to retain its water during 
application of external forces such as cutting, heating, grinding or processing. 
Water holding capacity of raw and cooked meat is an attribute of obvious 
importance. Hamm (1960), Asselbergs and Whitaker (1961) and Jude et al. 
(1989) reported that water holding capacity had been related to organoleptic 
properties such as juiciness, tenderness, taste, color and shrinkage on cooking 
and drip during freezing and thawing. Water holding capacity of muscle 
tissue has a direct effect on shrinkage of meat during storage. With poor water 
holding properties tissue loss of moisture and consequently loss of weight 
during storage was increased (Judge et al., 1989). Cooking loss of meat is 
affected mainly by the water holding capacity (Lawrie, 1991). 
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 Water holding capacity is affected by several factors which include pH, 
species, age, nutrition and muscle type and function. Babiker and Tibin 
(1985) obtained that camel meat has higher water holding capacity than beef.  
Effect of plane nutrition on water holding capacity was studied by several 
researchers. Mohamed (1999) fed Baggara bulls high energy diet; he 
suggested that well finished animal improved water holding capacity and 
reduced cooking loss of beef. Uro et al. (1987) obtained that water Holding 
capacity of Baggara beef was improved significantly (P<0.01) when animals 
fed concentrates adlibitum in compare with 65% concentrates adlibitum. With 
the same breed Ahmed (2003) claimed that bulls fed diet contained high 
energy level and protein content improved water holding capacity and 
reduced cooking loss. Abd Elgalil (1997) studied the performance and meat 
quality of Baggara bulls fed different sources of protein (blood vs. groundnut 
cake), and reported that the water holding capacity ranged from1.49 to 2.49 
and cooking loss was 36.16 and 35.50%. In other study Elkhidir (2004) used 
diet contains sugar-cane bagasse in different levels (0, 10, 20 and 30%) for 
fattening Baggara bulls. She reported water holding capacity as 1.67, 1.80, 
1.79 and 2.13 while cooking loss were 34.5, 34.8, 35.5 and 36.11 for the four 
levels respectively and statistically no significant differences. Mohammed 
(2004) reported that water holding capacity as 3.27, 2.99, 2.71, 2.64 and the 
cooking loss as 35.35, 34.66, 34.15 and 34.18 for Baggara bulls slaughtered at 
200, 250, 300 and 350kg live body weight respectively. Eltahir (1994) 
investigated that water holding capacity was significantly (P<0.05) superior in 
50% Friesian meat than in Baggara beef which scored as 1.68 for the later 
type and the other was 1.43 and that cooking loss was 31.92 and 30.9% for 
Baggara and cross breed beef respectively. 
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Meat chemical composition: 
 Lawrie (1991) mentioned that composition of meat can be 
approximately 75% water, 19% protein, 3.5% soluble non protein substance 
and 2.5% fat. Increasing dietary energy level and protein content on the diet 
of bull, steers and heifer leads to decrease rib muscle moisture, protein and 
increased fat percentage (Prior, 1977). Eltahir (1994) investigated the 
chemical composition of Baggara cattle meat; he reported 73.55, 23.47, 2.97 
and 1.17 for moisture, protein, fat and ash content respectively. Elkhidir 
(2004) studied the chemical composition of Baggara bulls fed four levels of 
sugar-cane bagasse in the diet (0, 10, 20 and 30%). She obtained that 
Moisture content as 74.04, 75.3, 75.73 and 75.77%.  While ether extract were 
2.14, 1.91, 1.83 and 1.64%. And crude protein as 21.77, 20.08, 20.53 and 
19.99%, and ash content was 1.00, 1.05, 1.08 and 1.08% respectively.  
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Chapter three 
Materials and Methods 
Experiment (1) 
Bagasse preparation and ensiling: 
The following components, 7% molasses, 10% urea, 2% limestone, 
0.5% common salt and 1% sodium bicarbonate (atroon) were dissolved in one 
liter of water kg-1 DM and mixed with raw bagasse prior to fill in an airtight 
polyethylene bags. Two sacs were used to form one silo, by inserting one into 
an other with sealed sides of both sacs opposite to one another for extra 
strength and to avoid rupturing of the sacs along the sealed sides. Sacs were 
compressed, tightly closed and then stored for 7, 14, 21 and 28 days in shaded 
place with three replicates for each ensiling period. At the end of each 
ensilage period samples were drawn and sun dried and prepared for chemical 
analysis and degradability studies.  
Nutritive evaluation: 
Chemical composition: 
Samples of raw and ensilaged bagasse were analyzed for proximate 
composition (CP, EE, DM and Ash) according to AOAC (2000). Neutral 
detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin 
(ADL), and hemicelluloses (HC) were determined according to Georing and 
Van Soest (1970).  
In situ degradability: 
Degradability study of bagasse was carried out in a cannulated steer 
according to the nylon bag technique described by Ørskov et al. (1980) 
Samples was air dried and ground through 2.5 mm sieve before rumen 
incubation. Duplicate samples of about 5g air dried test bagasse was weighed 
in nylon bags (bag size 18X140mm, pore size 45µm) which were then 
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suspended in the rumen of the steer for 4, 8, 16, 24, 48, 72 and 96 hr. After 
removal from the rumen, the bags dipped into cold water to stop microbial 
activity, washed with tap water to remove rumen matter from out side the 
bags and then cleaned by rubbing and rinsed under running water for about 30 
minutes. Samples of 0 hr were prepared by washing the bags containing the 
test samples for 30 minutes. The residues in the bags were overnight oven 
dried at 105oC. They were then cooled and their weight were recorded and 
used to calculate percent dry matter loss. 
The results from in-sutu study were fitted to model P=a+b(1-e-ct) of 
Ørskov and McDonald (1979) to determine the degradation characteristics of 
the incubated samples. 
Experiment (2) 
Animals 
Thirty six Baggara bulls (Nyalawi type) with an average initial live 
weight of 170kg were used for this study. These animals were purchased from 
central livestock market at Omdurman city. The animals trekked to the site of 
study at the animal production research centre (Helat Kuku) Khartoum north. 
They were kept for an adaptation period of two weeks and offered a mixture 
of equal proportions of the experimental diets. During the adaptation period 
bulls were ear tagged, vaccinated and treated against internal and external 
parasites. Then they were weighed and divided into four groups of 9 animals 
each. The groups were of equal average weight. The groups were further 
subdivided into three subgroups of three animals each, and having equal 
average weights. Each subgroup was kept separately in a pen provided with 
water and feed facilities.  
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Feed and feeding: 
For the feeding trial, the best treatment of sugar-cane bagasse (ensiling 
for 3 weeks) in terms of dry matter and organic matter digestibility as well as 
fiber degradability was used to prepare the fattening diets.  
The diet contained increasing levels of treated bagasse (0, 10, 20 and 
30%) in addition to other feed ingredients. The diets were formulated to be 
iso-caloric and iso-nitrogenous (Table 1). Moreover, table (2) gives the 
ingredient proportion of the molasses based diet which was mixed with 
sorghum straw at a rate of 80% to 20% sorghum straw to make the control 
diet (A) which is the standard diet used in Kuku research station feedlot. The 
chemical composition of the different diets is given in table (3). The 
experimental diets were divided randomly into the animal groups. Animals in 
the first group (control) were given diet A which contain 20% sorghum straw 
and 80% molasses-based diet. The second, third and fourth  groups of animals 
were given diets B, C and D which respectively contained 10, 20 and 30% of 
treated bagasse. In addition the animals were offered green fodder Medicago 
sativa at the rate of 2kg / head / week. The diets were offered once daily at 
8:00 am after the refusals were collected. Water and salt lick were available 
all the times. The experimental period lasted for 70 days after the adaptation 
period. 
Digestibility Trial: 
The in vitro digestibility (two-stage) method was applied to determine 
the dry matter and organic matter digestibility of the experimental diets 
according to Tilly and Terry (1963).  
 49
 
Table (1) Ingredients proportion of the experimental diets 
                                                Experimental diets 
 
Ingredients 
A B C D 
(%) (%) (%) (%) 
Sorghum straw 20 0 0 0 
Molasses based diet 80 0 0 0 
Bagasse treated 0 10.00  20.00  30.00 
Wheat bran 0 29.00  24.00  18.00  
Groundnut cake 0 10.00  10.00  10.00  
Molasses 0 39.00  33.00  27.00  
Sorghum grain 0 8.00  10.00  12.00  
Urea 0 1.00  1.00  1.00  
Limestone 0 2.00  1.00  1.00  
Salt 0 1.00  1.00  1.00  
*Calculated ME (MJ/kg) 10.21 10.79 10.52 10.13  
Calculated CP (%) 16.84 16.65 16.72 16.61  
* Calculated according to MAFF (1976) 
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    Table (2) Ingredients proportion of the molasses based diet. 
Ingredients                                                              % 
Molasses 52 
Wheat bran 39 
Groundnut cake 5 
Urea 3 
Salt 1 
Total 100 
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              Table (3) Chemical composition of experimental diets  
 
Parameter (%) 
experimental diets 
A B C D 
Dry Matter 91.14 92.59 92.70   92.85 
Ether Extract 1.70 2.21 2.84 2.10  
Crude protein 17.31 16.02 17.48 17.04  
Crude fiber 10.91   11.53  11.91 13.98 
Nitrogen Free Extract 52.54 52.86 51.99   51.46  
Ash 8.03 8.59 8.15   7.50   
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Live animal measurements: 
Live animal measurements were taken according to Brown et al. (1973) 
and Boggs and Merkel (1984). A measuring tap (cm) was used for all 
measures with the exception of height at withers, height at hump tip and 
height at rump which were measured with a calibrated stick. Heart girth depth 
and hump thickness were measured with Vernier caliber. Each animal was 
restricted to make sure that it was standing upright on its four hooves with its 
head carried in the normal position. The surface under the animal was hard 
and leveled. The live animal leaner measurement was taken twice, at the 
starting and finishing of the experiment.   
The external body measurements recorded on each bull were:  
Heart girth:  measured around the chest at the fourth ribs. 
Heart girth around hump: measured around the chest including the hump.  
Back length including hump: was taken from spine of first thoracic. 
Hump circumference: was taken as the perimeter of the hump from a point 
at the anterior end of the hump to a point at it is posterior end, with the tape 
pressing tightly on the hump. 
Body length: from shoulder point to pin bone. 
Height at withers: from the ground level to the highest point of withers (at 
medial plane over the spinous process of the second and third thoracic 
vertebrae).  
Height at hump tip: from the ground level to the highest point of hump. 
Height at rump: from the ground level to the highest point of rump. 
Hump thickness: was taken as the widest distance between the lateral sides 
of the hump. 
Chest depth: was taken as the perpendicular distance between the mid point 
at the back and immediately behind hump and the sternum. 
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Pelvic width: represented the distance between the medial surfaces of 
tubercoxae. 
Feedlot performance: 
Feed intake: 
Feed intake of each group was recorded daily and calculated as the 
difference between the weight of the quantity offered and refusal on the next 
morning. The average dry matter of the experimental diet and the refusal were 
obtained to calculate dry matter intake. 
Live weight gain: 
Initial live-weight was recorded on the first day of the experiment. 
Animals were weighed weekly early in the morning after an overnight fasting 
except for water using Weigh Bridge of 1500kg maximum capacity load with 
5kg divisions. 
At the end of the experiment a total of twenty four animals (six from 
each group) were randomly selected for slaughter. The animals were 
overnight fasting (about 12 hours) except for water. They were weighed prior 
slaughter to obtain slaughter weight. The procedure of slaughter followed 
local Muslim practice where animals were bled by cutting the carotid arteries 
and jugular veins on sides as well as the oesophagus and trachea, using a 
sharp knife without stunning. When complete bleeding was effected, the head 
was removed at the atlanto-occiptal joint. 
Non –carcass components: 
After complete bleeding and removal of head the hide was removed 
manually. The tail was removed at the first intercoccygeal articulation. Fore 
and hind feet were removed at the carpo-metacarpal and tarso-metatarsal 
joints respectively. The genitals were removed from their base. All these parts 
and the blood were weighed. The carcass was then opened and eviscerated. 
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The internal offal’s, stomach and intestine were weighed full and empty. The 
gut fill weight was obtained by difference of the full and empty gut. Empty 
body weight was obtained by subtracting gut fill from the slaughter weight. 
Other internal organs included heart, liver, spleen, lungs and trachea, 
diaphragm, Omental fat, mesenteric fat and pancreas were removed and 
weighed hot. All the internal and external non-carcass components weights 
were expressed as percentage of empty body weight. The pelvic fat, the 
kidney and the surrounded fat of it were left attached to the carcass.  
Carcass data:  
  After removal of external and internal non-carcass components the 
carcass then weighed to obtain the hot carcass weight. The carcass was 
delivered in chilling room at 4oC for 24 hrs, and then weighed and the child 
weight was recorded to obtain cold carcass weight. Then the carcass was cut 
along the vertebral column into two halves. The left side of carcass was 
prepared for cutting. First the pelvic fat, the kidney and the kidney fat were 
removed and weighed separately. 
Linear carcass measurements: 
The carcass was hanged by the hind limbs with aid of a gambrel and 
the flowing measurements were made using measuring tap graduated in 
centimeters.  
Leg length: measured from the distal end of the tarsal bone along the inside 
of the leg to the surface of the meat above the symphysis of pelvic.  
Leg circumference: measured from a point in the front of the tail head, 
passed along the rump and turned upward to the start point encircling rump. 
Abdominal circumference: measured by encircling the abdominal cavity 
from the spinal process of the 4th lumbar vertebra to the most prominent edge 
of the flank. 
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Chest circumference: measured by tape from the spinous process of the first 
thoracic vertebra to the midline of the sternum. 
Shin length: measured using measuring tape from elbow joint to the 
metatarsal bone. 
Carcass length: measured from the anterior edge of the first rib to the 
acetabulum branch of the pubis on the ischium.  
Back fat thickness: measured perpendicular to the external fat surface using 
caliper and the average measurements of the fat thickness at point (¼, ½ and 
¾) of the lateral length of the longissimus dorsi muscle was recorded to the 
nearest (cm). 
Longissimus dorsi muscle area: obtained by ribbing at right angle on the 
longitudinal axis between 10th and 11th rib. The muscle area was traced on a 
transparent paper and measured by Plano-meter (cm2) 
Carcass wholesale cuts: 
The left side of each carcass was separated into wholesale cuts 
according to (M. L.C., 1974) method for cutting and preparing beef. The cuts 
were: Shin, Clod, Neck, Brisket, Thick ribs, Extended roasting ribs, Thin ribs, 
Chuck and blade, Hindquarter Flank, Rump, Sirloin, Thick flank, Topside and 
silverside and leg. Each wholesale cut was weighed and expressed as 
percentage of carcass side weight bases. 
Sirloin dissection:  
Each sirloin of carcass was separated into bone, muscle, fat and 
trimmings. Each component was weighed using (OHAUS) balance of 20kg 
maximum capacity load to the nearest (gm) and expressed as percentage of 
joint basses.  
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Samples for chemical analysis and meat guilty study: 
  After chilling and carcass partitioning, samples were taken from 
longissimus dorsi muscle after removal of external fat and trimmings. The 
muscle sample was divided into two halves; one half was minced and stored 
at -10oC for chemical analysis and other meat quality parameters as water 
holding capacity. The other half was oxygenate for 2 hrs at 4oC before color 
determination. Hunter color components L (Lightness), a (redness) and b 
(Yellowness) were recorded using Hunter lab Tristimulus colorimeter model 
D25 M-2. The portion of this sample was then frozen and stored for cooking 
loss and panel taste evaluation.  
Chemical composition of meat:  
The determination of chemical composition (moisture, ash, protein, and 
ether extract) was done according to AOAC (2000). 
Meat quality attributes: 
Water holding capacity: 
About 3grams of the minced sample was placed on a humidified filter 
paper (Whatman No.1) saturated on KCl solutions and pressed between two 
plexiglass plates for 3 minutes at 25 kg load. The meat film area and diffused 
water area were traced with a ball pen and the filter paper was allowed to dry. 
The areas traced were measured with a compensating Plano-meter. The 
measured areas were used to determine water holding capacity of the meat as 
follows: 
Water holding capacity = Diffused water area – Meat film area   
                                                         Meat film area 
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Cooking loss determination: 
The frozen samples of longissimus dorsi muscles were cut into about 2.5cm 
steaks and thawed at 4oC for 24hrs. The samples were dried from external 
moisture with paper towel and weighted. Then the samples were cooked in 
plastic bags in a water bath at 80oC for 90 minutes. Cooked samples were 
cooled in running tap water for 20 minutes. The samples were then released 
from bags and dried with paper towel and weighed. Cooking loss was 
determined as the loss of weight during cooking and expressed as percentage 
of pre-cooking weight.  
Cooking loss (%) =Weight before cooking–weight after cookingX100 
                Weight before cooking 
Sensory evaluation: 
The frozen samples from longissimus dorsi muscle were cut and allowed to 
thaw at 4oC for 24hrs. They were then roasted in aluminum foil in electric 
oven at 175-180oC for one hour (Griffin et al., 1985). The roasted samples 
were served to ten semi-trained panelist for the evaluation of color, flavor, 
tenderness, juiciness, and overall acceptability using a scale of 4 points.  
Statistical analysis:   
Data were analyzed by analysis of variance (ANOVA) according to 
Gomez and Gomez (1984) for a complete randomized design. When the F test 
was significant, the means were compared using least significant difference 
(LSD).  
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Chapter four 
Results 
Chemical analysis: 
Table (4) shows the chemical composition of raw and treated sugar-
cane bagasse. Protein content improved significantly (P<0.05) in all 
treatments. The ensiling raised CP from 2.18% of raw sugar-cane bagasse to 
8.46, 9.28, 9.76 and 10.40% for the treatment period of 7, 14, 21 and 28 days 
respectively. The cell wall compounds as determined by NDF, ADF, ADL 
and HC were decreased with increasing the period of ensiling. The decrease 
was only significant (P<0.05) between raw bagasse and the different ensiling 
periods. The maximum decrease was between raw bagasse and bagasse 
ensiled for 28 days. The NDF decreased from 84.46% for raw bagasse (C) to 
67.55 when ensiled for 28 days. While ADF, ADL and HC were reduced 
from 60.02, 13.37 and 24.43% in the raw bagasse to 53.85, 9.96 and 13.70% 
in treatments ensiled for 28 days respectively   
Degradability study: 
 Table (5) and figure (1) shows in-situ degradability for NDF, it 
increased significantly (P<0.05) among all treatments compared to raw 
bagasse. As shown in table (6) the soluble fraction (a) increased significantly 
(P<0.05) for treated bagasse compared with raw bagasse, while slow 
degradable fraction (b), rate of degradation (c) and potential degradability 
(PD) showed no difference's (P>0.05). The effective degradability (ED) 
increased among all treatments and in different rate of outflow. As shown in 
table (6) the effective degradability (ED) decreased with increase in outflow 
rates for all treatment. 
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Live animal measurements: 
 Linear live animal measurements of four groups of Baggara bulls fed 
different levels treated sugar-cane bagasse are shown in tables (7, 8 and 9). 
Initial measurement of all parameters studied for all groups was not differing 
significantly. All parameter studied for finished bull table (8) showed no 
significant difference among all groups except for the hump circumference 
which significantly (P<0.05) affected by type of diet used. All treatment 
showed increase in live animal measurements for all parameter studied of 
finished bulls. The mean values of the difference between initial and finished 
linear live animal measurement are presented in table (9). The parameters 
studied showed no significant differences for the all treatment except for 
hump circumference which differ significantly (P<0.05) between treatments. 
High score of hump circumference was (15.06cm) for group B followed by 
group D, C and A which are 13.89, 10.89 and 10.11cm respectively.  
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Table (4): Chemical composition of treated and raw bagasse (%) 
 CP EE DM Ash NDF ADF ADL HC 
C 2.18d 0.84a 96.12abc 2.70b 84.46a 60.02a 13.37a 24.43a 
T1 8.46c 0.61b 96.55a 7.50a 69.26b 54.14b 10.72b 15.12b 
T2 9.28b 0.77ab 95.62c 6.35a 69.34b 54.62b 10.82b 14.72b 
T3 9.76ab 0.84a 95.74bc 6.66a 69.24b 54.32b 10.25b 14.92b 
T4 10.40a 0.86a 96.38ab 6.96a 67.55b 53.85b 9.96b 13.70b 
SE 0.25 0.07 0.20 0.53 0.71 0.61 0.47 0.80 
SL * * * * * * * * 
In this table and subsequent tables: 
C: Raw bagasse. 
T1-T4: bagasse ensiled for one to four weeks. 
SE: Standard Error. 
SL: Significant Level. 
*: P<0.05  
(CP) crude protein, (EE) ether extract, (DM) dry matter, (NDF) neutral 
detergent fiber, (ADF) aced detergent fiber, (ADL) acid detergent lignin, 
(HC) hemicelluloses.  
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Table (5): Rumen degradation of NDF (%) for treated and raw bagasse. 
NDF loss% 
(hr) 
C T1 T2 T3 T4 SE SL 
0 12.59b 20.71a 20.18a 20.75a 21.97a 1.11 * 
4 14.92b 22.50a 22.62a 22.74a 22.68a 0.58 * 
8 18.74b 26.40a 27.85a 27.94a 28.17a 1.15 * 
16 21.40d 27.44c 28.52c 31.17b 33.24a 0.63 * 
24 27.85c 33.37b 35.03ab 35.29ab 35.54a 0.96 * 
48 39.22c 43.03b 43.25b 45.09a 45.64a 0.67 * 
72 40.86b 44.79 a 45.32 a 46.34 a 46.41a 1.04 * 
96 45.84b 52.14a 54.56a 56.55a 56.58a 2.64 * 
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          Figure: (1) degradation of NDF (%) for treated and raw bagasse. 
     
C: Raw bagasse. 
T1-T4: bagasse ensiled for one to four weeks. 
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Table (6): Rumen degradation kinetics (%) for treated and untreated bagasse 
fractions 
 C T1 T2 T3 T4 SE SL 
a 11.27b 20.43a 21.70a 21.87a 21.93a 0.91 * 
b 38.27 44.57 54.80 44.40 43.13 13.31 NS 
c 0.02 0.02 0.01 0.02 0.02 0.006 NS 
PD 49.53 65.03 73.27 66.30 65.07 12.37 NS 
ED2 32.03c 37.90b 39.17ab 40.20a 40.60a 0.75 * 
ED5 23.70d 29.70c 30.80b 31.73a 32.30a 0.34 * 
ED8 20.23d 27.00c 27.90b 28.60ab 29.17a 0.39 * 
 
 (a) readily degradable fraction, (b) slow degradable fraction, (c) rate of 
degradation, (PD) potential degradability, ED2, ED5, ED8 effective 
degradability at outflow rate of 0.02, 0.05 and 0.08/hrs. 
NS: Not Significant. 
 64
 
 
 
 
Table (7): Mean value of initial live animal measurements (cm)  
 
Parameter   
Treatment  
SE 
 
SL A B C D 
Heart girth 127.14 127.00 127.67 127.17 2.00 NS 
Heart girth around hump 141.83 141.33 142.22 141.67 2.14 NS 
Back length including hump 111.78 110.17 112.00 111.67 2.25 NS 
Hump circumference 21.89 20.17 22.22 21.00 1.34 NS 
Body length 116.67 115.24 117.11 115.61 2.67 NS 
Height at wither 108.17 107.66 108.71 106.56 1.41 NS 
Height at tip of hump 112.53 111.72 113.76 111.89 1.70 NS 
Height at rump 113.60 112.40 113.63 113.61 1.63 NS 
Hump thickness 8.87 7.94 8.74 8.58 0.65 NS 
Chest depth  49.70 48.60 50.06 49.63 1.04 NS 
Pelvic width  22.83 22. 78 22.94 22.33 0.51 NS 
 
In this table and subsequent tables: 
A: Diet contained 0% treated sugar-cane bagasse. 
B: Diet contained 10% treated sugar-cane bagasse.  
C: Diet contained 20% treated sugar-cane bagasse. 
A: Diet contained 30% treated sugar-cane bagasse. 
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Table (8): Mean value of final live animal measurements (cm)  
 
Parameter    
Treatment  
SE 
 
SL A B C D 
Heart girth 147.00  150.00  148.33  149.11   2.14 NS 
Heart girth around hump 167.72  169.39  168.56  169.06   1.70 NS 
Back length including hump 126.11 127.89  126.50 128.67 1.78 NS 
Hump circumference 32.00b 35.22a 33.11ab 34.89ab   1.46 * 
Body length 127.61  127.78  128.11  127.22   1.97 NS 
Height at wither 112.09  114.02  113.63  112.43   1.38 NS 
Height at tip of hump 122.12  123.68  122.70  122.94   1.72 NS 
Height at rump 120.41  120.46  119.51  119.41   1.52 NS 
Hump thickness 13.33 12.92 12.71 13.39 0.97 NS 
Chest depth 54.47 54.17 53.89 54.28   0.64 NS 
Pelvic width  26.11 26.24 26.33 26.14 0.76 NS 
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Table (9): Mean values of changes in live animal measurement (cm). 
 
Parameter 
Treatment  
SE 
 
SL A B C D 
Heart girth 19.86 23.00 20.67 21.94 2.57 NS 
Heart girth around the hump 25.89 28.06 26.33 27.39 1.99 NS 
Back length including hump 14.33 17.72 14.50 17.00 2.28 NS 
Hump circumference 10.11c 15.06a 10.89bc 13.89ab 1.67 * 
Body length 10.94 12.53 11.00 11.61 2.52 NS 
Height at wither 3.92 6.37 4.92 5.88 1.46 NS 
Height at tip of hump 9.59 11.96 8.94 11.06 1.62 NS 
Height at rump 6.81 8.06 5.88 5.80 1.45 NS 
Hump thickness 4.47 4.98 3.97 4.81 0.89 NS 
Chest depth 4.77 5.57 3.82 4.64 1.07 NS 
Pelvic width  3.28 3.47 3.39 3.81 0.91 NS 
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Digestibility of the experimental diets: 
The in vitro digestibility (two-stage) of the experimental diets is 
summarized in table (10). The dry matter digestibility (DMD) and organic 
matter digestibility (OMD) of the diets were found to be not significantly 
different for all treatments. While the results show that increasing levels of 
treated sugar-cane bagasse level in the diet lead to a decrease the DMD and 
OMD. Diet B had the highest value (75.97%) of the DMD while group D had 
the least (73.26%). For OMD the highest value was for group A flowed by 
group B, C and D. The digestibility of crude fiber of the experimental diets 
decreased with increasing level of treated sugar-cane bagasse in the 
experimental diet and the difference was significant (P<0.05) among group D 
and the other groups. The highest value was 44.98% for group A and the least 
was 39.51% for group D.   
Feedlot performance: 
 Feedlot performance of Baggara bulls under study is presented in table 
(11). The average initial live weight among all groups showed no significant 
difference (P>0.05). The final body weight of experimental groups was also 
not significantly different. Final live weight was higher (255.56kg) in group B 
(10% level of bagasse) and the least final body weight (248.33kg) was found 
in group A (0% level of bagasse). Final body weight of group C (20% level of 
bagasse) and D (30% level of bagasse) were similar almost 251.11kg and 
251.67kg respectively. In all bulls groups fed diets containing treated bagasse, 
final liveweight was greater than that of the control group fed diet denied of 
bagasse. 
  Average daily live weight gain as shown in table (11) showed the same 
trend as final body weight and was not found to be significantly different 
(P>0.05) for all treatments. The highest daily gain was recorded for group B 
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(1.23kg) flowed by group D, C and A as (1.17, 1.14 and 1.10kg) respectively. 
Total live weight gain showed no significant difference between treatment 
groups. The total live weight gain also not affected by treatment that Group A 
which contained 0% treated sugar-cane bagasse showed the least value 
(77.78kg) and group B (20% treated sugar-cane bagasse) showed the highest 
value (86.11kg). Both daily gain and total live weight gain was the least in 
group A which was the control group. 
 Daily dry matter intake (DMI) among treatments groups were 
significantly (P<0.05) influenced by the level of treated sugar-cane bagasse in 
the diet (table 11). The group fed 0% treated sugar-cane bagasse (group A) 
showed the highest value as 7.93 kg while the group fed 20% treated sugar-
cane bagasse revealed the least score as 6.99. Bulls fed 10% or 30% levels of 
treated sugar-cane bagasse in their diets consumed similar amount of dry 
matter 7.46 and 7.47kg respectively. Average daily feed intake calculated on 
as fed base revealed significant difference (P<0.05) among treated groups. 
The highest value as 9.91kg was reported for group A and the least value 
8.74kg was in group C. Group B and C had similar amount of dry matter 
intake, 9.32 and 9.34 kg each. Dry matter intake as percentage of body weight 
(Table 11) was significantly (P<0.05) differed in bulls group fed diet 
containing treated bagasse than those in the control diet. Bulls in group C had 
significantly (P<0.05) lower dry matter intake than those of either group B or 
D. 
Feed conversion efficiency was significantly (P<0.05) inferior in 
control bulls group (A) than in other bulls groups (B, C and D). that within 
the later three groups bulls fed diet contained 30% level of treatment sugar-
cane bagasse showed significantly (P<0.05) inferior feed conversion ratio. 
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                 Table (10) the in vitro digestibility (two-stage) of experimental diets.  
 
Diets 
Parameters 
DMD OMD CFD 
A 75.05 77.22 44.98a   
B 75.97   76.71   43.54a   
C 75.28   76.15 43.11a   
D 73.26   74.97   39.51b 
SE 1.39 1.25 1.25 
SL N.S N.S * 
 
       DMD: Dry matter digestibility. 
       OMD: Organic matter digestibility. 
       CFD:  Crude fiber digestibility.  
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Table (11): Feedlot performance of bulls fed diets containing graded levels of treated sugarcane bagasse. 
 
Parameter 
Experimental diets  
 
 
SE 
 
 
 
SL 
A B C D 
No. of animals 9 9 9 9 
Period in day 70 70 70 70 
Initial body weight (kg) 170.56 169.44 171.11 170.00 3.74 NS 
Final body weight (kg) 248.33 255.56 251.11 251.67 6.64 NS 
Metabolic body weight (FBWkg0.75) 63.96 63.77 63.81 63.96 1.28 NS 
Total body weight gain (kg) 77.78 86.11 80.00 81.67 3.79 NS 
Average daily gain (kg) 1.10 1.23 1.14 1.17 0.08 NS 
Average daily feed intake (as fed/kg) 9.91 a 9.32b 8.74c 9.34b 0.12 * 
Average daily dry matter intake (kg) 7.93 a 7.46b 6.99c 7.47b 0.11 * 
Dry matter intake as % of body weight 3.19a 2.92b 2.78c 2.97b 0.04 * 
Feed conversion ratio (kg DMI/gain)* 7.21a 6.21c 6.35c 6.80b 0.10 * 
*Higher score meant less efficiency.  
  FBW: Final body weight 
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Carcass measurements: 
Table (12) Showed no significant difference of data related to carcass 
measurements for all bull groups fed different levels of treated sugar-cane 
bagasse except for the leg length which significantly (P<0.05) longer in group 
A than in group D. Generally all other carcass measurements of bull groups 
fed on diets containing treated bagasse are either equal to or greater than those 
of the control group. The picture is very clear in back fat thickness and eye 
muscle area. 
Non-carcass components:  
Mean values of the non-carcass components expressed as percentage of 
empty body weight of the slaughtered bulls finished in four diets that contained 
different levels of treated sugar-cane bagasse are given in table (13). Most of 
the parameters showed no significant differences among treatments except for 
genitalia, pancreas, stomach full, intestine empty, gut fill and empty gastro-
intestinal tract. The results showed that the pancreas, stomach full and gut fill 
increased with increase of the level of treated sugar-cane bagasse in the diet. 
The weight of liver tended to increase with increasing level of treated sugar-
cane bagasse in the diet in comparison to control diet (A). Messentric, kidney 
and pelvic fat deposit, though not significant, but were greater in the control 
diet than in the diets that contained treated  bagasse.   
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Table (12): Means values of carcass measurements (cm). 
 
Parameter 
Treatment  
SE 
 
SL A B C D 
Leg length 40.92a 39.92ab 39.42ab 38.33b 1.13 * 
Leg circumference 91.83 91.83 89.25 89.00 3.07 NS 
Abdominal circumference 147.33 153.67 147.57 149.67 6.53 NS 
Chest circumference 126.33 128.67 130.33 130.83 5.71 NS 
Shoulder circumference 72.83 72.17 74.00 73.33 1.93 NS 
Neck length 37.50 37.50 37.42 37.08 0.53 NS 
Shin length 37.42 36.50 36.17 36.75 0.72 NS 
Waist circumference 65.50 67.17 68.83 67.17 3.19 NS 
Carcass length 114.58 115.33 112.83 115.75 1.50 NS 
Back fat thickness 0.34 0.37 0.39 0.41 0.08 NS 
Eye muscle area (cm2) 39.27 45.04 42.03 41.66 3.41 NS 
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Table (13): Mean weight of non-carcass components (% of EBW) for different treatments. 
 
Parameter 
Treatment   
A B C D SE SL 
Blood 4.76  4.57  4.64  4.76  0.44 NS 
Four feet 2.52  2.36  2.46  2.39  0.09 NS 
Genitalia 1.24ab 1.11b 1.23ab 1.26a 0.07 * 
Head 6.44  6.37  6.41  6.13  0.18 NS 
Hide 9.11  8.31  8.58  8.43  0.47 NS 
Spleen 0.48  0.46  0.47  0.45  0.03 NS 
Heart 0.39  0.39  0.39  0.37  0.03 NS 
Liver 1.68  1.73  1.70  1.85  0.14 NS 
Pancreas 0.13a 0.14ab 0.13a 0.17b 0.02 * 
Omental fat 1.38  1.40  1.41  1.50  0.22 NS 
Tail 0.38  0.36  0.38  0.38  0.03 NS 
Diaphragm 0.64  0.67  0.62  0.61  0.04 NS 
Lungs & trachea 1.61  1.42  1.44  1.44  0.08 NS 
Stomach full 10.17b 10.29b 11.21ab 12.41a 0.80 * 
Stomach empty 3.95  4.37  4.02  4.23  0.20 NS 
Intestine full 4.73  4.71  4.28  4.85  0.33 NS 
Intestine empty 2.58b 3.03a 2.64ab 2.99ab 0.21 * 
Gut fill 8.36ab 7.60b 8.83ab 10.04a 0.91 * 
Gastro-intestinal tract empty 6.53a 7.40b 6.66a 7.22ab 0.35 * 
Mesenteric fat 1.61  1.42  1.44  1.44  0.08 NS 
Kidney fat 1.54  1.41  1.42  1.51  0.14 NS 
Pelvic fat 0.35  0.28  0.25  0.34  0.04 NS 
Kidney 0.30  0.28  0.25  0.28  0.04 NS 
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Carcass yield and characteristics: 
 The parameters related to Carcass yield and characteristics of bulls fed 
different levels of treated sugar-cane bagasse are presented in table (14). 
Slaughter weight was the same for all groups of animals, indicating no effect 
of increasing level of treated sugar-cane bagasse in the diets. Empty body 
weight decreased with increasing level of treated sugar-cane bagasse in the 
diets, however the differences among the treatment groups were not 
significant (P>0.05). Empty body weight percent of slaughter weight were 
significantly (P<0.05) affected by treatment and decreased with increasing 
level of treated sugar-cane bagasse in the diet. Cold carcass weight and 
dressing percentage either hot or cold on live weight or empty body weight 
bases were not influenced by treatments. The statistical analysis also showed 
no significant differences between treatments (P>0.05) in carcass shrinkage 
although carcass from treatment (C) where bulls received 30% treated sugar-
cane bagasse in their diets had the minimum shrinkage.  
Wholesale cuts yield:  
Table (15) shows the average percentage of wholesale cuts from the left 
side of each carcass from bulls fed different levels of sugar-cane bagasse in 
the diet. There were no significant differences in the percentage of wholesale 
cuts from the different treatment. High price wholesale cuts as thick rib, thick 
flank, sirloin, and top and silver side were greater in bull groups fed diets 
containing treated sugar-cane bagasse than in the control group. 
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         Table (14):  Effect of treatments on carcass yield and characteristics. 
 
Parameter 
Treatment  
SE 
 
SL A B C D 
Slaughter weight (kg) 255.83 254.83 255.00 255.83 6.81 NS 
Empty body weight (kg) 236.08 236.80 234.34 232.43 5.59 NS 
Empty body weight (%) 92.29ab 92.95a 91.91ab 90.90b 0.77 * 
Hot carcass weight (kg) 138.31 138.25 135.06 136.83 3.55 NS 
Cold  carcass weight (kg) 134.47 135.43 131.31 134.20 3.44 NS 
Hot dressing percentage of (LW) 54.11 54.23 52.97 53.52 0.83 NS 
Cold Dressing percentage of (LW) 52.60 53.13 51.50 52.51 0.86 NS 
Hot Dressing percentage of (EBW) 58.63 58.36 57.64 58.88 0.84 NS 
Cold Dressing percentage of (EBW) 56.99 57.17 56.04 57.76 0.83 NS 
Shrinkage (%) 2.78 2.04 2.78 1.92 0.46 NS 
LW: Live weight 
EBW: Empty body weight 
 76
 
Table (15): Means value of wholesale cuts (%) for different treatments. 
 
Parameter 
Treatment  
SE 
 
SL A B C D 
Shin 3.23 3.30 3.36 3.16 0.12 NS 
Neck 7.07 6.55 6.57 6.89 0.58 NS 
Clod 6.02 6.16 6.48 6.08 0.35 NS 
Chuck and blade 10.92 11.59 10.98 10.65 0.73 NS 
Extended roasting ribs 6.49 6.30 6.54 6.75 0.41 NS 
Thick rib 6.01 6.64 6.54 6.03 0.37 NS 
Extended thin rib 3.16 3.25 3.28 3.28 0.17 NS 
Brisket 7.93 8.12 7.93 7.73 0.40 NS 
Thick flank 4.72 4.91 4.86 4.83 0.19 NS 
Leg 5.20 5.19 5.29 5.00 0.16 NS 
Sirloin 6.32 6.69 6.70 6.59 0.31 NS 
Rump 6.33 6.42 6.47 6.15 0.23 NS 
Top and silver side 17.16 17.24 17.31 16.95 0.52 NS 
Hindquarter flank 6.48 6.80 6.62 6.77 0.23 NS 
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 Sirloin composition:  
 Table (16) shows the effect of the level of treated sugar-cane bagasse 
on the distribution of muscle, bone and fat rate using the sirloin joint for each 
group. The total percentage of muscle tissue in the sirloin seemed to be stable 
around 64.5% for the three levels (10, 20 and 30% treated sugar-cane 
bagasse) in the diets, while the control diet (A) contained least muscle values. 
The fat and bone percentage were the same for all groups. Meat from bulls 
fed 10% treated sugar-cane bagasse showed the least amount of connective 
tissue percentage (9.4%) while the highest connective tissue percentage was 
(9.4%) that showed for bulls fed the control diet. The results also showed that 
muscle: fat ratio ranged from 3.22 to 4.08 for all treatments. The least score 
3.22 was observed for meat produced form bull fed 20% treated sugar-cane 
bagasse followed by 3.32, 3.96 and 4.09 for bulls fed 10, 0 and 30% treated 
sugar-cane bagasse respectively. The differences of muscle, fat and bone 
percentage appeared to be the same with no significant (P>0.05) differences 
observed. Muscle:bone ratio and muscle:fat ratio showed no significant 
(P>0.05) differences between treatment groups. 
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Table (16): Composition of sirloin cut from the different treatments.  
 
Parameter 
Treatments  
SE 
 
SL A B C D 
Sirloin weight (kg) 4.30 4.53 4.41 4.48 0.25 NS 
Muscles (kg) 2.59 2.84 2.74 2.87 0.19 NS 
Fat(kg) 0.31 0.28 0.30 0.32 0.05 NS 
Bone(kg) 0.89 0.91 0.88 0.86 0.10 NS 
Trim(kg) 0.39 0.37 0.33 0.38 0.06 NS 
Trim+ fat(kg) 0.70 0.64 0.63 0.69 0.10 NS 
Muscles% 61.88 64.80 64.55 64.84 2.70 NS 
Fat% 7.40 6.27 7.03 7.13 1.01 NS 
Bone% 21.32 20.57 20.88 20.80 1.08 NS 
Trim% 9.40 8.37 7.54 8.83 1.22 NS 
Trim+ fat% 16.80 14.64 15.23 16.29 1.85 NS 
Muscle : bone ratio 3.96 3.32 3.22 4.08 0.51 NS 
Muscle : fat ratio 8.61 11.56 9.62 9.78 1.88 NS 
Muscle : (fat+trim) ratio 3.81 4.68 4.63 4.40 0.69 NS 
 
%:  Percentage of sirloin cut weight
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Meat chemical composition:  
Moisture content, crude protein, ether extract and ash content of the 
longissimus dorsi muscle from Baggara bulls fed 0, 10, 20 and 30% treated 
sugar-cane bagasse are represented in table (17) these parameters were not 
affected significantly by experimental diet, although ash percentage was 
observed to increase with the increase of the level of treated sugar-cane 
bagasse in the diets.  
Meat quality attributes:  
 The meat quality attributes of beef from studied bulls are shown in 
table (18). Water holding capacity was not significantly different among the 
treatment groups. Group A had the least water holding capacity flowed by 
group C, B and D. The best water holding capacity (1.84) was found in the 
group fed 30% treated sugar-cane bagasse. Cooking loss was also not 
significantly (P>0.05) different among the treatment groups. 
 Co-ordinates shown in Table (18) showed no significant difference 
among treatments for the degree of lightness (L), redness (a) and yellowness 
(b). The degree of these parameters of color seemed to be the same for all 
groups that fed on the diets contained treated sugar-cane bagasse. However L-
co-ordinate was lightly higher in the control group (A) and a-co-ordinate 
which indicates the degree of redness was higher in treatment (D) which was 
given 30% treated sugar-cane bagasse 
 The average scoring of the sensory evaluation of cooked meat studied 
are summarized in table (19). The data indicated that there were no significant 
differences among all groups. Group (D) which received the diet that 
contained 30% treated sugar-cane bagasse was the best for all eating quality 
attributes measured.    
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         Table (17): Meat chemical composition of bulls fed different levels of treated         
          Sugarcane bagasse. 
 
Parameter (%) 
Treatment  
SE 
 
SL A B C D 
Moisture 74.88 75.35 75.27 74.28 0.68 NS 
Ether Extract 2.58   2.66   2.61 2.68 0.63 NS 
Crude protein 22.23   22.52 22.25  22.14 0.41 NS 
Ash 0.57 0.89 0.79 0.97 0.32 NS 
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Table (18): Quality attributes of meat from bulls fed diets contain different 
levels of treated bagasse 
 
Traits  
Treatment  
SE 
 
SL A B C D 
Water Holding Capacity (ratio)* 1.98 1.86 1.92 1.84 0.30 NS 
Cooking Loss (%) 39.43 36.76 37.75 36.23 1.73 NS 
Color       
Lightness (L) 28.30 27.70 27.18 27.63 1.00 NS 
Redness (a) 13.97 14.12 14.50 15.65 1.03 NS 
Yellowness (b) 6.33 6.17 6.45 6.90 0.60 NS 
 
*Higher ratio indicates lower water holding capacity 
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        Table (19): Sensory evaluation of meat from the different dietary treatment. 
 
Traits  
Diets  
SE 
 
SL A B C D 
Color 3.05 2.97 3.00 3.17 0.13 NS 
Juiciness 2.47 2.40 2.57 2.68 0.17 NS 
Tenderness 3.05 2.97 2.90 3.12 0.14 NS 
Flavor 2.57 2.58 2.63 2.77 0.14 NS 
Overall acceptability   3.02 3.02 3.05 3.27 0.16 NS 
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Cost benefit ratio: 
Table (20) shows economical value of the fattening process using diets 
contained increasing levels of treated sugar-cane bagasse. The cost of inputs 
represented in purchase price of bulls and price of  kg live weight are similar 
for all groups. That feed cost decreased with treatment C and D and that cost 
of one kg feed decrease with increasing levels of treated sugar-cane bagasse 
in the diet. Feed cost increased total cost and cost per head. The greatest 
revenue obtained from group B followed by group D, C and A which 
affected by total cost which is higher for control group (A). The profit 
declined with increasing cost and revenue of sale finished animal that the 
optimum profit was obtained with treatment C followed by group B, C and 
A. Margin per head follow the same trend. Generally the economical value 
of the four groups obtained that bulls finished on treated sugar-cane bagasse 
in their diets (group, B, C and D) were better in comparison with the control 
group (A).     
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Table (20) Cost benefit ratio (Sudanese pound)-year 2009. 
 
Item 
Experimental diets 
A B C D 
Number of bulls purchased 9 9 9 9 
Purchase price of bulls 4881.4290 4849.3710 4897.1700 4865.400 
Purchase price of 1kg live weight 3.1800 3.1800 3.1800 3.1800 
Feed cost 3196.5696 3111.9480 2863.2240 3000.9420 
Cost of 1kg fed 0.5120 0.5300 0.5200 0.5100 
Veterinary services 37.5000 37.5000 37.5000 37.5000 
Labor cost 346.9500 343.7500 343.7500 343.7500 
Total cost 8462.1486 8342.5690 8141.6440 8247.5920 
Total cost per head 940.2387 926.9521 904.6271 916.3991 
Sale of 1kg finished live weight 4.5000 4.5000 4.5000 4.5000 
Total revenue of sale finished animals 10057.3650 10350.1800 10169.9550 10192.6350
Margin*  1595.2164 2007.6110 2028.3110 1945.0430 
Margin per head 177.2463 223.0679 225.3679 216.1159 
  * Margin: Total revenue of sale of finished animals minus total cost. 
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Chapter five 
Discussion 
Chemical analysis: 
The chemical composition of the raw and treated sugar-cane bagasse 
presented in table (4) indicated that urea treatment improved all the 
parameters studied. The urea treatment enhanced nitrogen content of ligno-
cellulosic materials and the increase was significant with the increase of 
storage period. This finding was similar to that obtained by Hassoun et al. 
(1990) and Atta Elmnan et al. (2007) in their studies on Sugar-cane bagasse.  
The present study suggested that the added nitrogen existed initially in the 
form of urea and consequently free ammonia was released. The same 
phenomena observed in wheat straw by Nair et al., (2002) and other grasses 
Ramirez et al. (2007). 
The cell wall components (NDF, ADF, ADL and HC) decreased with 
urea treatment and the decrease was significant (P<0.05) only between raw 
sugar-cane bagasse and different ensiling periods. Treatment of agricultural 
by-product by urea released ammonia which reacted with the lignocellulosic 
materials and improved their feeding values (Sundstol et al., 1978). The cell 
wall components were affected by alkali treatment which disturbed the cell 
wall components that caused a decline in these components (Atta Elmnan et 
al., 2007). The NDF content of treated sugar-cane bagasse decreased as the 
treatment period increased. This decrease was mainly due to a decrease in HC 
content which accompanied by the reduction in NDF. The decrease in NDF 
agreed Hassoun et al. (1990) and Suksombat (2004) who found that the NDF 
decreased with urea treatment for different ensiling periods. The fall in NDF 
content of lignocellulosic materials was essentially due to hemicellulose 
degradation by ammonia (Van Soest et al. 1984). The ADF fraction also 
decreased significantly (P<0.05) with urea treatment. With increasing period 
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of ensiling the enhancement was not significant among treated sugar-cane 
bagasse.  The findings by Atta Elmnan et al. (2007) and Kraides (2005) 
showed the same trend in bagasse and that ADF decreased when urea treated 
and ensiled for seven weeks. Theander and Aman (1984) stated that 
saponification of ester linkages between acetic acid and phenolic acids and 
plysaccharides and or lignin as well as such linkages between uronic acids 
residues of xylans in hemicelluloses and lignin would be expected to occur 
during the alkaline treatment of straw material.  
In the presence of high temperature and alkaline condition causes 
cleavages in the lignin and formation of other linkages between phenyle 
propane units and free phenolic groups. As a result of the accompanying 
decrease in the molecular weight and cleavages of linkages to the 
hemicellulose an increased solubility of lignin in the alkaline solution will 
occur.     
Degradability study: 
The results showed that in-situ degradability of NDF increased 
significantly for treated sugar-cane bagasse among all treatments compared 
with raw bagasse. The effective degradability (ED) in different outflows also 
increased with increasing ensiling period of sugar-cane bagasse. This result 
might be due to partial solublization of hemicellulose by alkali treatment. 
Urea treatment was reported to cause partial break down of the bond between 
the lignin and other cell wall components that lead rumen bacteria to degrade 
fibrous material in the rumen (Nguyen et al., 2001). Mason et al. (1990) 
stated that ammonia treatment of roughages might affect the lignin itself or its 
linkage that might increase cell wall degradation. The important change 
during alkali treatment was a swelling of plant cell wall and its rupture 
allowing the rumen microbes to have better access to structural carbohydrate 
and consequently the digestibility would be enhanced. The readily degradable 
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fraction (a) of raw bagasse was less than that of treated one. The degradability 
values of treated sugar-cane bagasse observed were not affected significantly 
by treatment periods. This could be due to urease generation in great amount 
in the first two weeks depending on high temperature. Atta Elmnan et al. 
(2007) also found the same trend when she treated sugar-cane bagasse with 
urea and ammonia solution in comparison with raw bagasse. Fadel Elseed et 
al. (2003) stated that the increase of DM and NDF degradation of treated 
fibrous materials with nitrogen source of alkali treatment was partially due to 
increased degradation of crude protein. High supply of nitrogen immediately 
after incubation might result in increasing degradation rate of fibrous by-
products up to 48 hrs than that in the late time. From this degradability study 
it was clear that urea treatment of sugar-cane bagasse improved the nutritive 
value when the temperature was high. 
Live animal measurements:   
 Initial live animal body measurements showed no significant 
differences for all groups of bulls. However, finished bulls also showed no 
significant differences between groups except for the hump circumference 
which was greater for group (B) and the least group (D). These measurements 
changed coincided with the changes in weight. The hump is known to 
increase in size with age and degree of fatness. The hump in cattle is a fat 
depot and fat is a later maturing tissue which is deposited at an older age. In 
this study hump circumference in bulls were greater at group B that was 
finished on the diet that contained 10% treated sugar-cane bagasse which was 
characterized by low fiber content compared to other diets. This diet might 
have supplyed more energy to animals than other diets. Generally linear live 
animal measurement increase with increase in age and fatness. Mohammed 
(2005) reported that the linear live animal measurements increased with 
increase in slaughter weight. In this study linear body measurements as height 
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at wither, heart girth, height at rump, hump circumference and pelvic width 
were within the range that stated by Mohammed (2004) for the same breed 
slaughtered in different slaughter weights.  
The digestibility of the experimental diets: 
 The in vitro technique used in this study showed no significant 
(P>0.05) differences in the digestibility of dry matter (DM) and organic 
matter (OM) among the dietary treatments. However, DMD and OMD 
decreased with increasing level of treated sugar-cane bagasse in the diets in 
comparison with the control diet. The crude fiber digestibility (CFD) was 
found to decrease and the decrease was significantly at 30% level of inclusion 
(Diet D) of treated sugar-cane bagasse. This could be due to fiber content 
which was higher in diets contained treated sugar-cane bagasse particularly 
diet D than those of control diet (Table 3). Van soest (1982) and De La Cruz 
(1990) stated that the CF content had negative effect on digestibility. 
Improved digestibility of crude fiber of the control diet was due to the less 
lignified crude fiber of the wheat bran of this diet and to increased rumen 
degradability of cell wall components resulting from better microbial activity 
as a result of nitrogen supply as well as energy supply which were readily 
available in control diet due to high level of molasses and urea ingredients in 
the control diet (Tables 1, 2).  
 Numerically the DMD, OMD and CFD obtained for the control diet 
were slightly lower than those obtained by Elkhidir (2004) for the same diet. 
This discrepancy migh be due to the method applied to determined 
digestibility. Two-stage (in vitro) method was applied in this work for 
digestibility study while the later author used in vivo method. In addition to 
that the DMD, OMD and CFD of the diet containing 10, 20 and 30% treated 
sugar-cane bagasse were higher than the same levels of raw bagasse in 
Elkhidir (2004). These findings might be due to the improvement set on 
 89
sugar-cane bagasse by urea treatment and ensiling. This result was in 
agreement with Firdos et al. (1989) who treated sugar-cane bagasse with 5% 
ammonia and found increased digestibility of DM, OM and cellulose. Many 
authors indicated that urea or ammonia treatment of roughages increased the 
digestibility coefficient of straw and other agricultural by-products (Hogan et 
al., 1971; Horton and Steacy, 1979; Jayasuriya and Perera, 1982; Ibrahim and 
Pearce, 1983; Van soest et al., 1984; Hassoun et al., 1990; Sucksombat, 2004 
and Atta Elmnan et al., 2007). 
Feedlot performance: 
Feed intake: 
 As presented in table (11) feed intake was affected significantly 
(P<0.05) by the level of treated sugar-cane bagasse in the diet. The average 
feed intake was higher in the group fed molasses based diet (A) in comparison 
to other groups. The same trend was found with dry matter intake (DMI) in 
absolute weight or as percentage of body weight. Increasing level of treated 
sugar-cane bagasse up to 30% in the diet (diet D) lead to lower feed intake 
than those of control diet (A). Feed intake in beef cattle is influence by many 
factors, i.e energy level, protein concentration, palatability, digestibility, live 
weight, fatness, breed, sex, age, environmental temperature, and physiological 
state of animal (Cheeke, 2005). Of these factors energy level, digestibility and 
physical state of the diet are the most important factors that limit intake. 
Owen and Geay (1992) reported that with decreasing metabolize energy in the 
diet voluntary feed intake was increased. Many authors suggested that urea-
treatment of roughages improved digestibility. Firdos et al. (1989) stated that 
treatment of bagasse pith with ammonia increased the digestibility of dry 
matter and organic matter. Hogan et al. (1971) also reported an improvement 
of digestibility coefficient of straw when treated by ammonia. The same trend 
in improving digestibility of fibrous material was obtained by many authors 
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(Klopfenstein, 1978, Horton and steacy, 1979; Jayasuriya, 1979; Hassoun et 
al. 1990; Caneque et al. 1998). In the present findings urea treatment of 
sugar-cane bagasse improved digestibility and could lead to supply of more 
energy to the animal. This might lead animals consumption of less amount of 
feed that would give the optimum yield of net energy per unit of oxygen 
consumed (McDonald et al., 2002). Thus the reduced feed consumption in 
animals fed on bagasse treated diets might be due to thus reason. In addition 
increased fiber level in these diets might also be implicated. This result was in 
agreement with Elbukhary (2005) who reported that DMI decreased with 
increasing dietary energy level. Numerically the present findings of average 
daily feed intake and DMI of Baggara bulls was within the rage that stated by 
(El Shafie and McLeroy, 1964; Hag and George, 1981; Eltahir, 1994; Turke, 
2002 and Elbukhary, 2005). And these values were slightly higher that those 
obtained by El khidir (2004). These differences might be attributed to the 
improved palatability of treated sugar-cane bagasse due to urea treatment.  
Live weight gain: 
 The results obtained in this study indicated that there were no 
significant differences in initial live weight between groups. As the bulls used 
in this study were divided into groups of equal live weight. Final body weight 
showed no significant difference between treatments. Final body weight of 
the groups fed diets with increasing levels of treated sugar-cane bagasse was 
greater than that in control group (molasses based diet).  The present findings 
indicated that total live weight gain was also lower in group (A) which fed 
molasses based diet in comparison with the groups finished on diets that 
contained increasing levels of treated sugar-cane bagasse. The Average daily 
gain in this study showed the same trend as final and total live weight gain. 
The results of final body weigh, total body weight and daily gain obtained in 
this study were higher than those reported by El khidir (2004) who finished 
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Baggara bulls on increasing levels of raw sugar-cane bagasse. Gain and 
efficiency are affected by feed intake as Preston and Willis (1975) stated that 
animals which eat more will produce more. Dry matter intake was higher than 
what was reported by ElKhidir (2004) which might be due to the effect of 
urea treatment on sugar-cane bagasse digestibility. Saadullah (1984) reported 
that cattle on urea treated rice straw with only small amount of by-pass 
protein increased live weight gain.  This could explain the higher weight gain 
observed in this study.  
Average daily live weigh gain obtained was in the range reported by 
many authors for Baggara bulls (El Shafie and McLeroy, 1964; Ahmed et al., 
1977; Gaili and Osman, 1977; Elhag and George, 1981; Eltahir, 1994; Abdu 
Elglil, 1997 and Babiker, 2008). However daily live weight gain in this study 
was found to be slightly lower than that reported by (El khidir, 2004; Guma, 
1996; El Type, 1990 and Mohammed, 2004). These differences might be due 
to many factors as initial weight, type of feed, season of fattening and others 
environmental factors.  
Feed conversion ratio: 
 Feed conversion ratio (FCR) in this study was significantly (p<0.05) 
affected by levels of treated sugar-cane bagasse in the diet. Bulls fed control 
diet (molasses based diet) had significantly (p<0.05) inferior feed conversion 
ratio compared to other groups. On the other hand feed efficiency had 
declined significantly (p<0.05) with increasing levels of treated suga-cane 
bagasse in the diet up to 30%. Numerically the figures in this finings were in 
agreement with Eltahir (1994), Elshafie and Mcleroy (1964), Babiker et al. 
(2009) and Ahmed (2003). The feed conversion ratio is affected by feed 
intake and daily gain. Cooper et al. (1968) stated that FCR was affected by 
type of feed and improved significantly by high concentrate diet compared to 
high roughages diet. In the present study the improvement in FCR might be 
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due to improvement in treated sugar-cane bagasse digestibility. Elkhidir 
(2004) fed Baggara bulls 0, 10, 20 and 30% levels of raw sugar-cane bagasse 
and reported FCR as 5.15, 5.02, 6.09 and 7.35 kg/DM/ kg gain. The findings 
of this work were superior than what reported by Elkhidir (2004) this may 
attributed to the initial and final body weight which was higher value for the 
present study. 
Carcass measurement:   
 Carcass measurement of slaughtered bulls showed no significant 
difference among the different treatments of studied parameters. And 
longissimus dorsi muscle area was not affected significantly by treatments. 
While bulls fed treated sugar-cane bagasse had higher longissimus dorsi 
muscle area than those fed control diet (0% sugar-cane bagasse) and 
longissimus dorsi muscle area within animals fed treated sugar cane bagasse 
in their diets decreased with increasing levels of treated sugar-cane bagasse. 
The longissimus dorsi muscle areas of bulls fed control diet was similar to 
that obtained by Mohammed (2004) with bulls of 200kg slaughtered weight 
finished on the same diet and inferior than that of Eltahir (1994) who reported 
55.17 and 53.36 cm2 for the same breed finished on the same diet. This 
discrepancy might be due to different slaughter weight of Eltahir (1994) study 
(273.92kg) compared with 248.33kg for the bulls under this study. The 
longissimus dorsi muscle areas of bull finished on increasing levels of treated 
sugar-cane bagasse were in agreement with Mohammed (2004) when 
slaughtered at weight of 250 to 300kg and Elkhidir (2004) who finished bulls 
on 20% raw sugar-cane bagasse. Finishing bulls on 30% raw sugar-cane 
bagasse decreased the longissimus dorsi muscle area in comparison to the 
same level of treated sugar-cane bagasse in this study. This might be due to 
improvement of digestibility and nutrient content of sugar-cane bagasse 
treated with urea. Many authors suggested that longissimus dorsi muscle area 
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was affected by the nutrient content of the diet (Mayer et al. 1965; Guma, 
1996 and Elbukhary, 2005).  
The data in this study showed that back fat thickness was not affected 
by the type of the diet used. Yet back fat thickness was slightly thicker in 
bulls fed diet that contained treated sugar-cane bagasse than those on control 
diet. These results disagreed with Elkhidir (2004) who reported that back fat 
thickness from bulls fed control diet (0% bagasse) were greater than those 
from bulls finished on increasing levels of raw sugar-cane bagasse. These 
findings might explain that urea treatment of sugar-cane bagasse increased 
digestibility which increased total nutrient in the diet and might have affected 
the increased carcass fat. Back fat thickness obtained from carcass of bulls fed 
the diet that containing different levels of treated sugar-cane bagasse in this 
study was in line with those indicated by Mohammed (2004) when 
slaughtered bulls on 250kg and those of bulls fed 20% raw bagasse (Elkhidir, 
2004). 
Other linear carcass measurement as chest circumference, carcass 
length, leg circumference, abdominal circumference and shin length showed 
no significant differences. Most results of linear carcass measurement were 
similar to those reported by Gaili and Osman (1979), Guma (1996), Elkhidir 
(2004) and Mohammed (2004) in similar slaughter weight. Linear carcass 
measurement is affected by muscle development and fat deposition 
(Buttefield, 1965). 
Non-carcass components:  
 Non-carcass components of different treatments groups shown in table 
(13) indicated no significant differences among the most parameters studied. 
The liver weight increased with increase of treated sugar-cane bagasse level 
in the diet in comparison with the control animals. This could be related to 
more energy stored as glycogen in the liver. The weight of feet, head and skin 
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showed no significant differences. Bulls in this study were almost equal in 
their age, initial and final weight. Owen and Norman (1977) reported that the 
weight of head, skin, lungs and feed were affected by age of animal. 
 There were no significant differences between groups in empty 
stomach and full intestine, yet the stomach full, intestine empty, gut fill and 
empty gastrointestinal tract increased significantly (P<0.05) with increased 
level of treated sugar-cane bagasse in the diet. These findings were in 
agreement with Elkhidir (2004) who reported that with increasing level of 
sugar-cane bagasse in the diet crude fiber content increased which extended 
the size of elementary tract and increased rumen and intestine weights. Also 
the reduction in the weight of the mentioned parts in control animals might be 
due to the reduced bulkiness of the diet due chopping of the sorghum straw 
used. 
 The fact that visceral fat depots as mesenteric, pelvic and kidney were 
not significantly different between the treatments could be due to the fact that 
the diets were iso-caloric. 
 The values of the non-carcass components weight of Baggara bulls in 
this study differed than that obtained by many authors as El shafei et al. 
(1976), Eltahir (1994), Guma (1996), Mohamed (1999), Elkhidir (2004) and 
Mohammed (2004). These differences might be due to slaughter weight 
difference of bulls, age of the bulls and dietary levels and type. Owen et al. 
(1982) indicated that percentage of offals and internal organs were affected by 
slaughter weight and Owen and Norman (1977) stated that the effect of age 
on non-carcass components was a positive relationship. While wise et al. 
(1961) and Elbukhary (2005) indicated that animal on high plane of nutrition 
had heavier visceral organs.  
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Carcass yield and characteristics:  
 Data related to carcass yield as slaughter weight, empty body weight as 
well as hot and cold carcass weight in table (14) did not show significant 
differences among all treatment groups. Bulls fed 30% treated sugar-cane 
bagasse had least empty body weight. This might be due to gut fill which was 
higher in this group (table 13). Table (3) showed that crude fiber (CF) content 
increased with increasing level of treated sugar-cane bagasse and that diet (D) 
contained the highest value of CF content. Stobo (1994) stated that the gut fill 
increased with increasing dietary fiber level. and that high roughages content 
lowered the passage of feed through elementary tract. The current results of 
empty body weigh were slightly higher for the same breed as reported by 
Mohammed (2004) and Elkhidir (2004). Also the present finding was lower 
than those reported by Eltahir (1994), Guma (1996) and Mohamed (1999) for 
the same breed. This might be related to the type of diet used and slaughter 
body weight. 
The dressing percentages of hot and cold carcass on live weight base as 
well as the dressing percentage of hot and cold carcass on empty body weight 
base (EBW) were given in table (14). The present results showed no 
significant (P>0.05) differences for all treatments. Preston and Willis (1975) 
indicated that nutrition, age, live weight, sex and breed are factors affecting 
dressing percentages. Dressing percentages in the present work were in line 
with those reported for the same breed by many authors (Gaili and Osman, 
1979; Ahmed, 2003 and Elkhidir, 2004) and higher than those reported by 
Eltahir (1994) and Mohamed (1999) and lower than the findings by 
Mohammed (2004). The discrepancy of these results for the same breed could 
be due to type of diets used and degree of fattening of finish bulls.  
Shrinkage percentage was calculated as the loss of weigh after chilling 
in related to hot carcass weigh. In this study the results of shrinkage showed 
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no significant differences between treatments. Bulls fed 30% treated sugar-
cane bagasse in the diet had remarkedly lower value for shrinkage followed 
by the diet contained 10% treated sugar-cane bagasse. High shrinkage was 
observed with control group (A) and bulls fed 20% treated sugar-cane 
bagasse. Shrinkage values obtained in the present study was lower than that 
obtained by Eltahir (1994) and Mohamed (1999) and within the range that 
stated by Elkhidir (2004). Mohammed (2004) reported the same findings for 
the heavier slaughtered bulls. The differences in shrinkage values were due to 
fat deposition in carcass. Mohamed (1999) stated that moisture evaporation 
was reduced with increasing fat deposition in the carcass and that will affect 
chilling shrinkage.  
Wholesale cuts yield: 
 In this work the wholesale cuts yield was not affected by the type of 
diet used and the differences were found to be not significant (P>0.05). This 
finding was in agreement with Calow (1961) and Berg and Butterfield (1966) 
who found no effect of different planes of nutrition on cuts proportion of 
Hereford, dairy Shorthorn and Friesian steers. The present findings indicated 
that the yield of high price wholesale cuts as thick ribs, thick flank, sirloin, 
top and silver side were slightly greater in bull group fed the diet that 
contained treated sugar-cane bagasse than in the control group. These 
discrepancies might be due to final body weigh which was higher in the 
groups fed treated sugar-cane bagasse than in control group. 
 Means values of wholesale cuts reported for Baggara bulls in this study 
were in line with that reported by Elkhidir (2004). On other hand cuts as 
chuck and thick rib were similar to those given by Guma (1996), Mohamed 
(1999) and Ahmed (2003). For the same breed Eltahir (1994) reported slightly 
lower values than those in the preset study. These differences might be due to 
slaughtered weight of animals or could be attributed to muscles development 
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and fat depots in the wholesale cuts or might be due to breed of bulls as  El 
Kalifa et al. (1985) stated that Baggara cattle in not a uniform breed. 
Sirloin composition: 
 Table (16) described data about sirloin composition which was used to 
predict carcass composition. In this study the values of muscles, bone and fat 
distribution of sirloin were not affected by level of treated sugar-cane bagasse 
in the diet and the values obtained were similar for the three levels of treated 
sugar-cane bagasse while the control group (0% treated sugar-cane bagasse) 
was slightly lower in muscle content. The reduction of muscle might be due 
to nutritional level.  
Muscle to bone ratio and muscle to fat ratio were found to be not 
significantly different, but there were slight difference between treatment 
groups. The differences might be due to slaughter weight (table 14) and fat 
depots (table 16).  
Values for Muscles, fat and bone percentage in this study were similar 
to that obtained by Eltahir (1994) Mohammed (2004) and Elkhidir (2004) and  
were higher than those obtained by Turke (2002) and Babiker (2008). The 
differences in theses findings might be due to degree of fattening, slaughter 
weight and age of slaughtered animal as fat is late developing tissue. 
Meat chemical composition:     
The chemical composition of the longisimus dorsi muscle in this study 
represented in table (17) showed no significant differences between 
treatments. Moisture and protein content were in the line with the finding of 
Eltahir (1994) but were inferior in ether extract and ash content as reported by 
the same author. The present findings were in agreement with Lawrie (1991) 
who suggested that with decreasing dietary energy muscle and ash content 
increased. Prior (1977) mentioned that high level of energy and protein 
content tended to decrease muscle moisture, protein and increase fat 
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percentage of bull, heifer and steers. The result of chemical composition for 
the same breed obtained by Elkhidir (2004) were inferior to the present result 
for ether extract and crude protein and superior on ash, while moisture content 
was within the range with this work. The moisture content, ether extract and 
crude protein studied showed the same trend in beef from the four groups. 
This might emphasize that sugar-cane bagasse digestibility was improved due 
to urea treated and thus supplied nutrients in equal level for all groups of bulls 
finished. 
Meat quality attributes:  
 Data about meat quality attributes of bulls fed control diet (0% treated 
sugar-cane bagasse) and increasing level of treated sugar-cane bagasse (10, 20 
and 30%) were as given in table (18) revealed that water holding capacity was 
no significantly different between treatments groups but group (D) which was 
fed 30% treated sugar-cane bagasse had the least ratio. The results obtained 
for cooking loss also had no significant differences among treatments and had 
the same trend as water holding capacity. This might indicate that there was 
no effect of increasing levels of sugar-cane bagasse in the diet on these 
characteristics. Many authors reported that water holding capacity and 
cooking loss improved when bulls were finished on high dietary nutrient level 
(Uro et al. 1987; Mohamed, 1999 and Ahmed, 2003). These findings in 
cooking loss were inferior to those of Babiker (2008) and superior to those 
reported by Eltahir (1994), Elkhidir (2004) and Mohammed (2004). While 
water holding capacity values were slightly higher than the findings of Eltahir 
(1994) and lower than those obtained by Mohammed (2004), Elbukhary 
(2005) and Babiker (2008). These differences could be due to nutrition, age 
and degree of fattening. 
Meat color coordinates in this study are revealed in table (18). The 
values of lightness (L), redness (a) and yellowness (b) were not affected 
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significantly (P>0.05) by treatment. These results were in agreement with the 
findings of Eltahir (1994) Mohammed (2004) Elkhidir (2004) and Elbukhary 
(2005) who indicated that the color of lean of ruminant is affect by level of 
nutrition that low plane of nutrition produce darker meat due to decrease 
carcass fat. The findings that the color of lean in these treatments was not 
significantly different might be due to the fact that the four diets studied were 
nutritionally similar. 
Meat sensory evaluation: 
 Panelist assessment in this work reported no significant differences 
among color, juiciness, tenderness, flavor and overall acceptability of meat 
from bulls fed diets that contained different levels of bagasse. Yet color had 
slightly higher score for lean meat from bulls fed 30% treated sugar-cane 
bagasse. These findings were in disagreement with the findings obtained by 
Elkhidir (2004) who indicated that with increasing level of raw bagasse in the 
diet panelist assessment score for color was reduced. This might be due to 
improvement set on bagasse due to urea treatment. Also color and tenderness 
were not affected by the diet. Mohammed (2004) stated that color and 
tenderness of Baggara beef were affected by slaughter weight. In this work 
slaughter weights were similar for all groups. Juiciness and tenderness were 
affected equally by carcass fat and water holding capacity, which were similar 
in all groups in this study (Table 16, 18). Flavor in the present findings was 
not affected by type of diet and that was in agreement with Hankey and Kay 
(1988) who indicated that flavor of beef from Charolasis and Aberdeen Angus 
finished on different type of diet was no significantly affected. While Lawrie 
(1991) stated that flavor of meat from young bulls was less strong than that 
from old ones.  
 Overall acceptability findings also had the same trend as that of the 
other parameters studied above. Many authors stated that meat properties 
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were affected by plane of nutrition (Wanderstock and Miller, 1948 and 
Bowling et al., 1977) which was similar in this work.  
Cost benefit ratio:  
 The economical data of the preset study is represented in table (20). As 
indicated that there were small changes in purchase price of bull which were 
due to the difference in the mean values of initial live weight. However, there 
were differences in total cost between groups. These differences were mainly 
due to feed cost which was affected mainly by cost of one kg fed. Increasing 
level of treated sugar-cane bagasse in the diet decreased cost of feed. Total 
amount of feed consumed had a great effect on total cost of production. In this 
study total cost per head decreased with incorporation of treated sugar-cane 
bagasse in the diet in comparison with the control diet. 
 Total revenue of sale finished animal depends mainly on price of one 
kg live weight and final weight of animals. Total revenue was higher in group 
B which had higher final weight than the other groups (table 11). Profit 
margin calculated as total revenue minus total cost showed differences 
between groups and that for control group was lower than for the other 
groups. The same trend was also obtained for margin per head. As 
represented in table (20) bulls finished on diets containing treated sugar-cane 
bagasse had higher margins than those finished on the control diet mainly due 
to feed cost which lower in the group fed on sugar-cane treated diet bagasse.    
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Chapter six 
Conclusion and recommendation 
Agricultural by-products such as sugar-cane bagasse are produced in 
large amount in Sudan and have enough potential to be used for ruminant 
feeding as basal diets. But it contained high level of fibrous materials which 
reduce its digestibility and nutritive value. Chemical treatments as urea 
treatment can be used to improve sugar-cane bagasse digestibility and 
palatability to be use at high levels in diets for ruminant feeding.  
From this work it could be concluded that, urea treatment of sugar-cane 
bagasse for 3 to 4 weeks improved digestibility and nutritive value and could 
be used as roughages for cattle feeding specially in dry season as well as 
fattening because Sugar-cane bagasse is available and cheaper than other 
conventional roughages as sorghum straw. 
In this study feedlot performance of cattle improved by using different 
levels of treated sugar-cane bagasse up to 30% than sorghum straw and had 
no deleterious effect on ruminant livability. 
          Incorporation of 30%  treated sugar-cane bagasse in fattening diet had 
approximately equal effect on carcass characteristics, yield and composition 
as control diet containing 20% sorghum straw. 
In this work diets containing treated sugar-cane bagasse up to 30% had 
no adverse effect on meat quality attributes and objective measurements of 
meat quality 
Inclusion of treated sugar-cane bagasse in cattle fattening diets up to 
30% reduced the cost of fattening and made fattening business more 
profitable. 
From this study it's strongly recommended to investigate reducing 
levels of urea treatment of sugar-cane bagasse to lower levels, than in this 
study which was 10%.    
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Appendix (1)  
Name:………………………………………………..…………subject evaluation. No.....…………..Date………………. 
No. Color  Odor Tenderness Juiciness Acceptability 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
11      
12      
 Color    Odor   Tenderness    Juiciness Acceptability 
 1-Ext. Dark   1-Ext. intense   1-Tough     1-Dry    1-Unaccep. 
 2-Mod. Dark   2-Mod. intense 2-Mod. Tough   2-Sligh. Juicy   2-Slighly Accep. 
 3-Sligh. Dark    3-Sligh. intense    3-Sligh. Tough    3-Mod. Juicy   3-Mod. Accep. 
 4-Dark brown     4-Bland     4-Tender 4-very juicy   4-Accep. 
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Appendix (2) 
 
 Raw Bagasse prepared to ensiling  
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Appendix (3) 
 
Filling and stacking of silo  
 
Covering silo after urea treatment  
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Appendix (4) 
 
 
Sun drying  of the treated sugar-cane bagasse  
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Appendix (5) 
 
Baggara bulls at the beginning of fattening period 
 
Baggara bulls finished on the experimental diets 
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Appendix (6) 
 
 
Baggara bull finished on 0% TSCB     Baggara bull finished on 10%TSCB 
 
 
Baggara bull finished on 20%TSCB       Baggara bull finished on 30%TSCB 
 
 
TSCB , Treated sugar-cane bagasse.
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Appendix (7) 
The left half carcass of bulls finished on the experimental diets 
 
0% Bagasse               10% Bagasse          20% Bagasse          30% Bagasse 
 
 0% Bagasse               10% Bagasse          20% Bagasse          30% Bagasse 
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Appendix (8) 
Wholesale cuts according to (M. L. C., 1974)  
        
Neck                                             Clod                                   Shin 
        
Chuck & blade                       Thick rib                             Brisket 
 
            
Extended roasting rib      Extended thin rib                    Sirloin 
    
Hindquarter flank                         Rump                       Thick flank 
                            
Top and silver side                                                                Leg 
